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PORTRAITS 


Separate copies of portraits appearing in Parasitology 
may be obtained on application to the Secretary, Quick 
Laboratory, The Museums, Cambridge. 


The price of each Portrait-plate is one shilling, post free. 
Payments should accompany orders. 


The last number of each volume will contain brief notes 
bearing on the subjects of the portraits. 


G. H. F. NUTTALL. 
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Portrait-plate VIII (facing p. 404) 


EDWARD JENNER 
1749-1823 


From the picture by James Northcote, R.A., in the National Portrait Gallery 
Photographed by Messrs Emery Walker, Ltd., London 


Separate copies may be obtained from the University Press, Cambridge 
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Parasitology, Vol. xu, No. 4 (1921) Portrait-plate Dd 


RICHARD OWEN 


1804—1892 


From the picture by H. G. Pickersgill, R.A. (1845), in the National Portrait Gallery 
Photographed by Messrs Emery Walker, Ltd., London 


Separate copies may be obtained from the University Press, Cambridge 
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ATHANASIUS KIRCHER 
1601—1680 


Separate copies may be obtained from the University Press, Cambridge 
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Separate copies may be obtained from the University Press, Cambridge 


Portrait-plate XI 


| 
we 
| ~ “> 
| 
| 
| 
| 


ae 
3 
by 
4 
j 
{ 


ON A NEW CESTODE FROM THE POUCHED RAT, 
CRICETOMYS GAMBIANUM. 


By F. J. MEGGITT, M.Sc., Px.D. 


A Correction. 


It is regretted that, in acknowledging the receipt of specimens of the species described 
under this title in Parasitology, x11, p. 194, they were erroneously stated to have been received 
from Professor Nuttall. The specimens in question were collected by Mr W. Mansfield-Aders, 
Government Biologist, Zanzibar, and sent for identification through Dr C. L. Boulenger. 
The confusion arose through the circumstance that we have received specimens repeatedly 
from Professor Nuttall and that the latter has also received specimens from Mr Mansfield- 
Aders. I have much pleasure in taking this opportunity of rectifying the mistake and 
expressing my thanks to Mr W. Mansfield-Aders. 


NOVEMBER, 1921 


VotumE XIII 


ON SOME NEMATODE PARASITES OF THE CAMEL 
IN INDIA. 


By C. L. BOULENGER, M.A., D.Sc., 
Professor of Zoology, University of the Punjab, Lahore. 


(From the Punjab Veterinary College Laboratories.) 
(With 3 Text-figures.) 


Wuitst working through the collections of Nematodes at the Punjab Veterinary 
College in Lahore I had the opportunity of examining a number of Strongylid 
worms from the Indian camel (Camelus dromedarius) belonging to two species, 
labelled Haemonchus longistipes and Nematodirus spathiger, respectively. 
Haemonchus longistipes was discovered in 1909 by Railliet and Henry, who 
showed that the species from the camel could be distinguished from the type 
species, Haemonchus contortus (Rud.), by the character of the dorsal ray of 
the male bursa and by the size of the spicules; no other characters were men- 
tioned, the females remaining altogether undescribed. In the present paper 
I take the opportunity therefore of presenting a complete account of H. longi- 
stipes, based on a large number of well-preserved specimens available in the 
Veterinary College. 
Whilst examining the worms from the camel I thought it advisable to 
compare this material with specimens of Haemonchus from sheep and other i 
. ruminants in the Punjab; the latter, however, proved to be typical examples 
of H. contortus, H. longistipes evidently occurring in the camel only. 
With reference to the second species, H. G. May, in a recent paper (1920), 
has shown that there has been in the past considerable confusion with regard 
to the identity of the species of Nematodirus, and that Railliet’s description of 
N. spathiger (1896) must have been based in part on females of another species 
which he names N. dromedarii. N. spaihiger is also shown to occur in other 
ruminants (e.g. sheep, cattle, etc.) having been confused with the type species 
N. filicollis (Rud.). 
It was therefore to be expected that the worms from the camel in the 
Punjab would be referable to one of these three forms, the specimens before 
me are, however, shown in this paper to belong to a fourth species, N. mauri- 
tanicus Maupas and Seurat (1912) hitherto known from North Africa only. 
21 
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Haemonchus longistipes, Railliet and Henry, 1909. 


Speciric DiaGnosis. Haemonchus!: Head, 0-03-0-033 mm. in diameter. 
Buccal lancet well developed, 0-01 mm. long, sometimes seen projecting through 
the mouth-opening. 

Cervical spines, 0-39-0-53 mm. from the anterior extremity of the body. 

Oesophagus, 1-6-2-1 mm. in length. Diameter of body at the base of the 
oesophagus, 0-2—0-35 mm. 

Male, 18-25 mm. long. Maximum thickness about 0-4 mm. Lateral lobes 
of the bursa very large, 0-8-1-2 mm. long, with a width of about 0-55 mm. 


-+-A--}----------gub. 


Fig. 1. Spicules and gubernaculum of male: A. Haemonchus longistipes; B. Haemonchus contortus. 
x 150. 


The asymmetrical dorsal lobe is also large, measuring 0-27-0-32 mm. long by 
about 0-15 mm. wide. The stem of the dorsal ray has a length at least twice 
that of its branches. 

Spicules, 0-6-0-65 mm. long, with barb-like projections posteriorly; the 
barb of the right spicule situated 0-09-0-1 mm., that of the left spicule, 
0-038-0-04 mm., from the posterior end (Text-fig. 1). 

Gubernaculum 0-3-0-33 mm. long, as in the type species fusiform, with 
thickened edges. 


1 For the generic diagnosis v. Ransom, 1911, p. 49; to facilitate comparison with the type 
species the specific diagnosis of H. longistipes is given in the same form as that used by Ransom. 
pec 
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The cloaca is provided with a large ventral lip (Text-fig. 2). 

Female, 23-35 mm. long, with a maximum thickness of 0-45-0-65 mm. 

Vulva, a transverse slit, 4-5-6-8 mm. from the posterior extremity of the 
body; it is not covered by a large, linguiform process as in the type species, 
that structure being replaced by a much shorter conical projection of the 
body- wall, situated to one side of the genital opening (Text-fig. 3). 

Ovijectors, 0-8-1-1 mm. long. Ovaries wound spirally around the intestine 
as in H. contortus. 

Anus, 0-47-0-58 mm. from the tip of the slender, pointed tail. 

Eggs, 0-068-0-07 mm. long by 0-04-0-05 mm. wide, segmenting when laid. 


Fig. 2. Cloacal region of male: A. Fig. 3. Haemonchus longistipes, Body of female 
Haemonchus longistipes; B. Hae- in region of vulva. x 60. 
monchus contortus. x 250. 


Location. Fourth stomach of the camel (Camelus dromedarius). Africa 
and India. 

The measurements given above show that Haemonchus longistipes is a 
somewhat larger form than the type species. The males may be distinguished 
from those of H. contortus by the character of the posterior ray of the bursa, 
by the size of the cloacal lip and by the length of the spicules, as well as the 
position of the barbs at the posterior extremities of these structures. The 
females of H. longistipes may be recognized by the absence of the linguiform 
process over the vulva in fully developed specimens, and by the measurements 
of the eggs, which are smaller than those of the type species. 

21-2 
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Nematodirus mauritanicus, Maupas and Seurat, 1912. 


Two female specimens of this species were found, labelled Nematodirus 
spathiger Railliet, in the collections of the Punjab Veterinary College. This form 
has not been previously described outside Africa, worms of the genus Nema- 
iodirus from the camel in N. India having been regarded as belonging to 
Railliet’s species. 

Tn the Punjab, as elsewhere, a number of species have probably been con- 
fused under the name N. spathiger; it would therefore be desirable to examine 
a larger series of specimens from the camel in this province; during my stay 
in Lahore J was unfortunately unable to obtain more material. 

The following measurements and brief description show that the speci- 
mens observed by me agree well with the account of N. mauritanicus given 
by Maupas and Seurat: 

Females, 20-22 mm. in length, with a maximum breadth, behind the vulva, 
of about 0-35 mm. 

Head, about 0-035 mm. in diameter. Oesophagus, 0-59 mm. long. 

Anus, about 0-1 mm. from the truncated posterior extremity of the body. 

Vulva, 9-10-5 mm. from the posterior extremity, 7.e. situated a short 
distance behind the middle of the body. 

The ovejectors are very long, unequal, both directed backwards. 

Eggs, 0-225-0-26 mm. long by 0-09-0-11 mm. broad. 

The females of N. mauritanicus can be distinguished from those of 
N. dromedarii by the position of the vulva which is located in the posterior 
body-region in the former species, whilst in the latter it is situated one-third 
of the body-length from the anterior end. 
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EXPLANATION OF LETTERING. 


ba. barb-like process of spicule; gub. gubernaculum; int. intestine; l. lip of cloaca; ov. ovary; 
ov}. ovijector; p. process of body-wall in neighbourhood of vulva; ut. uterus. 
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STRONGYLID PARASITES OF HORSES 
IN THE PUNJAB. 


By C. L. BOULENGER, M.A., D.Sc. 
Professor of Zoology, University of the Punjab, Lahore. 


(From the Pathological Laboratory, Punjab Veterinary College.) 


(With 5 Text-figures.) 
INTRODUCTION. 


ALTHOUGH some of the earliest work on the Strongylid parasites of horses 
was done by Giles in India in 1892, the subject has been almost completely 
neglected in this country since that date; even the comparatively recent list 
of Indian parasites compiled by Gaiger (1910) makes no attempt to differ- 
entiate the numerous Nematodes which had been confused under the names 
Sclerostomum equinum and S. tetracanthum until the appearance of Looss’ 
famous monograph in 1902. 

Since the publication of this work the subject has attracted the attention 
of a large number of helminthologists both in Europe and America, and the 
sclerostomes of the equines are now referred to eight genera comprising more 
than fifty species. 

Since my arrival in India in October, 1920, I have had the opportunity of 
examining a large number of parasites of horses both from Lahore and other 
districts of the Punjab. The work was carried out in the laboratories of the 
Punjab Veterinary College, the specimens studied there comprising not only 
those preserved in the college collections, but also large numbers of fresh 
worms obtained from the dissection and post-mortem rooms. 

I am greatly indebted to Lieut.-Colonel G. K. Walker, C.I.E., Principal of 
the Punjab Veterinary College, for his courtesy in placing the resources of 
this fine institution at my disposal; my thanks are also due to Mr W. Taylor, 
I.C.V.D., for much assistance in the laboratory and post-mortem rooms, and 
to Captain F. M. Stewart, R.A.V.C., Remount Depdt, Sargodha, for the supply 
of a number of specimens from that depét. 

As shown below the worms observed by me are referred to twenty-one 
species, whilst the list is obviously by no means a complete one I think it can 
claim to include the majority of species of common occurrence in the Punjab; 
no new forms were obtained, the present paper however contains additional 
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information on the structure and development of some of the lesser known 
species as well as remarks on their geographical distribution. 

The majority of the species of horse sclerostomes seem to have a very 
wide distribution, many forms being now known from five continents, there 
seem however to be a few (e.g. certain species of Triodontophorus) with a more 
restricted range, these are discussed below under the appropriate headings. 


Genus Stroney us Mueller, 1780. 
(Sclerostoma Rudolphi.) 
1. Strongylus equinus Mueller, 1780. 


This species was found in almost every horse examined in the Punjab; 
from the account given by Looss (1902) and my own observations it appears 
relatively more abundant in the East than in Europe. I have found S. equinus 
of rather uncommon occurrence in England, and Kotlan (1919) has also called 
attention to the comparative rarity of the species in Hungary. 


2. Strongylus edentatus (Looss, 1900). 


The second of the larger species of Strongylus was found in abundance at 
Lahore, both in fresh material and among the specimens preserved in the 
Veterinary College collections. 


8. Strongylus vulgaris (Looss, 1900). 
This, the smallest of the species of Strongylus, was also found to be of 
common occurrence. 


Genus OESOPHAGODONTUS Railliet and Henry, 1902. 
4. Oesophagodontus robustus (Giles, 1892). 


Only a single specimen of O. robustus occurred among some material 
labelled Sclerostoma sp. in the Punjab Veterinary College collection. The worm 
was in a much damaged condition, but there is little doubt as to its correct 
identification. 

This species was originally described by Giles from horses and mules in 
India, I was able to record its occurrence in horses in England (1916) and it 
has recently been rediscovered in that host in Canada (Ransom and Hadwen, 
1918) as well as in a Chapman’s zebra from the London Zoological Gardens 
(Turner, 1920). 

Genus TRIODONTOPHORUS Looss, 1902. 

Five species of this genus have now been recorded (cf. Boulenger, 1916), 
their geographical distribution presenting certain features of interest. 

The type species, 7’. serratus, as well as T. minor, were originally described 
by Looss from Egypt (1902) and until recently were not definitely known to 
exist elsewhere. I was able to show (1916) that the British representatives of 
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the genus belong to three quite distinct species, since discovered by Ransom 
and Hadwen (1918) to be common forms in Canada also. 7. serratus and T. 
minor were not recorded from the N. American material, nor were they found 
by me among thousands of specimens examined from horses in England. Our 
present knowledge of the subject therefore seems to suggest that they are 
restricted to tropical and subtropical countries. 

T. serratus is now known from Egypt (Looss, 1902), Ceylon (? v. Linstow, 
1904) and East Africa (Boulenger, 1920). I have also seen undoubted examples 
of this species obtained from horses in Mesopotamia!. 

T. minor has been recorded from Egypt (Looss, 1902) and West Africa 
(Yorke and Macfie, 1902 6). I am also able to show in this paper that it is the 
commonest representative of the genus in the Punjab. 


5. Triodontophorus minor (Looss, 1900). 


As mentioned above this species proved to be the commonest form of 
Triodontophorus in the Punjab, it was found, usually in small numbers, in the 
majority of horses examined by me in Lahore. As pointed out by Looss the 
species is remarkable for its habitat in the posterior region of the colon, in the 
Punjab occurring in this situation usually in company with specimens of 
Cylicostomum insigne. 

The Indian specimens of 7’. minor agree on the whole fairly well with those 
described by Looss from Egypt, there are however a few points to which I 
desire to call special attention and I therefore add a short description of the 
worms observed by me. 

T. minor is a rather small species of the genus Triodontophorus, the Punjab 
specimens measuring: males, 9-12 mm.; females, 11-14 mm. in length. 

The mouth-collar is depressed at the margins (Text-fig. 1, m.c.), the latter 
in some individuals having a tendency to curl forwards. The elements of the 
leaf-crowns number about 50. 

The oral capsule is comparatively large, the breadth being a little greater 
than the height, as shown by the following measurements: height, 0-13-0-17 
mm.; breadth, 0-15-0-185 mm. 

The structure of the capsule-teeth varies considerably in different speci- 
mens, in some, as in those described by Looss from Egypt, the anterior mar- 
gins are quite smooth, without denticulations, in others, however, such denticu- 
lations occur, a few individuals having the margins of the teeth deeply serrated 
(Text-fig. 1, ¢). I have shown below that similar variations are found in other 
species of Triodontophorus, the nature of the tooth-margin is therefore not to 
be depended on as a specific character within the genus. 


1 The worms recorded by Leiper (1910) under this name from horses in London were identified 
at a time when only two species of the genus were known. It would seem desirable to re-examine 
this material in view of our present knowledge of the subject before accepting them as belonging 
to Looss’ species. 
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In the female the distance of the vulva from the posterior extremity is 
0-6-0-7 mm. The eggs measure 0-08-0-09 mm. x 0-04-0-05 mm. 
The bursa of the male has a long dorsal lobe; the dermal collar completely 


surrounds the genital cone, but is better developed on the anterior or ventral 
surface. 


6. Triodontophorus intermedius Sweet, 1909. 


This species was found on several occasions, both in horses dissected in 
Lahore and among material sent from Sargodha by Capt. Stewart. 

T. intermedius evidently has a world-wide distribution, being now known 
from Europe (Boulenger, 1916), Asia, E. Africa (Boulenger, 1920), W. Africa 
(Yorke and Macfie, 1902 6), N. America (Ransom and Hadwen, 1918) and 
Australia (Sweet, 1909). 
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Fig. 1. Triodontophorus minor Looss. Lateral view of anterior extremity. x 200. 


Among the specimens observed by me in Lahore were two in which the 
teeth of the mouth-capsule were without denticulations, having the margins 
quite smooth as in normal specimens of 7’. brevicauda and T. minor. As men- 
tioned above, this character is therefore one of no great systematic importance. 


7. Triodontophorus brevicauda Boulenger, 1916. 


T. brevicauda was obtained on one occasion only, from a horse dissected at 
the Punjab Veterinary College. Originally discovered in England (Boulenger, 
1916) the species has since been recorded from N. America (Ransom and 
Hadwen, 1918), it obviously has a wide distribution. 
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Genus PotEeRIostomuM Quiel, 1920. 
(Hexodontostomum Ihle, 1920.) 
8. Poteriostomum imparidentatum Quiel, 1920. 
(Hexodontostomum markusi Thle, 1920; Cylichnostomum zebrae Turner, 1920.) 


A single male specimen of this worm was found in company with numerous 
examples of Cylicostomum insigne in the colon of a horse from Sargodha, Pun- 
jab. The species was already known from this host in Europe and in W. Africa 
(Yorke and Macfie, 1920 a), it has also been recorded from a Chapman’s zebra 
in the London Zoological Gardens (Turner, 1920). 

The systematic position of the genus has recently been discussed by several 
authors, I agree with Ihle (19206) and Yorke and Macfie (1920 a) that it 
should be separated from Cylicostomum. 

Poteriostomum imparidentatum has been fully described on a number of 
occasions, there are however a few discrepancies between the accounts given 
by different authors which, although possibly due to errors of observation, 
may indicate that more than one species have been confused under this name. 
To avoid further confusion I have given figures and a short description of the 
form before me. 

The specimen from the Punjab was a male, 11 mm. in length, with a maxi- 
mum thickness of about 0-6 mm. When fresh the body of the worm was of a 
bright, blood-red colour. 

The mouth-collar is well marked off from the rest of the head and is com- 
paratively low (Text-fig. 2). The mouth is oval in shape, the dorso-ventral 
axis being somewhat the greater. The sub-median head-papillae are short, 
with broad bases resting on the oral collar; the lateral papillae do not project. 

The elements of the external leaf-crown are small and pointed, numbering 
about 72. The internal crown consists of 38 leaves, larger than those of the 
external leaf-crown, of these six (two lateral and four approximately sub- 
median in position) are considerably longer than the others, reaching almost to 
the mouth-opening and moreover projecting further inwards than the smaller 
elements, the latter number six or seven between each pair of long leaves. 

In their key to the species of Poteriostomum, Yorke and Macfie (1920 a) 
give the number of small elements between the longer ones as seven in P. 
imparidentatum, in their figure however they show only six. Ihle (1920 5) 
gives the number as six, seven or eight, whilst Turner (1920) shows as many as 
ten in one part of the leaf-crown (p. 447, fig. 2), three only in another (p. 446, 
fig. 1). The number of leaves in the crown is thus obviously capable of much 
variation and I agree therefore with Ihle (1920-b) in considering P. pluri- 
dentatum Quiel as merely a variety of the type-species. 

The mouth-capsule has a height of about 0-07 mm., the greatest breadth 
in the dorso-ventral axis measuring 0-2 mm. The walls of the capsule diverge 
from before backwards and are considerably thickened posteriorly. 
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In the specimen before me the dorsal gutter is well developed and most 
conspicuous (Text-fig. 2 A), it extends more than half-way along the dorsal 
wall of the oral capsule. Both Ihle and Yorke and Macfie describe this organ 
as present in P. imparidentaium, Turner however definitely states that the 
dorsal gutter is absent and her figure of the dorsal view of the mouth-capsule 


Fig. 2. Poteriostomum imparidentatum Quiel. Anterior extremity. . Dorsal view. B. Lateral 
view. x 200. 


(p. 446, fig. 1) shows no trace of it. If this is not due to some error of observa- 
tion the specimens described by this author from the zebra must be considered 
as belonging to a distinct species. | 

The oesophagus has a length of 0-7 mm., the oesophageal funnel is strongly 
developed. The cervical papillae and the excretory pore are at approximately 
the same level, 0-55 mm. from the anterior extremity of the body. 
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In the structure of the male bursa the Punjab specimen agrees with those 
described by previous authors. As pointed out by Yorke and Macfie the 
arrangement of the bursal rays forms the strongest argument in favour of the 
separation of this worm from Cylicostomum. 


Genus CyLicostomum Railliet and Henry, 1902. 
(Cylichnostomum Looss, 1902.) 
§. Cylicostomum coronatum (Looss, 1900). 
A very common parasite in the Punjab, found on numerous occasions in 
horses from various sources, sometimes in considerable numbers. 


10. Cylicostomum labiatum (Looss, 1902). 
This species was also obtained on several occasions, usually however in 
small numbers. 
11. Cylicostomum poculatum (Looss, 1900). 
Found twice in horses from the Sargodha Depét. 


12. Cylicostomum longibursatum Yorke and Macfie, 1918. 
(C. calicatiforme Kotlan, 1919. C. nanum Ihle, 1919.) 


18. Cylicostomum minutum Yorke and Macfie, 1918. 
(C. catinatum var. minus Kotlan, 1920.) 


14. Cylicostomum calicatum (Looss, 1900). 
Species 12-14 were obtained on several occasions from material sent by 
Capt. Stewart from Sargodha. 


15. Cylicostomum goldi (Boulenger, 1917). 

This species was described by me from horses in England in 1917, it has 
since been recorded from the same host in Holland (Ihle, 1920 a) and in Canada 
(Ransom and Hadwen, 1918). Miss Turner (1920) tentatively refers to C. goldi 
a single female specimen obtained from a Chapman’s zebra in the London 
Zoological Gardens, at the same time suggesting that this species and C. pseudo- 
catinatum Yorke and Macfie, 1918, may prove to be identical. 

It is difficult to understand how the two forms can be confused, they of 
course belong to the same group of species, the alveatum-catinatum group (cf. 
Thle, 1920 6) the members of which have a number of characters in common, 
but differ from one another in several important features, particularly in the 
structure of the oral capsule the walls of which converge from before back- 
wards in C. pseudo-catinatum and diverge in C. goldi. Another important 
difference between the two species is to be found in the character of the caudal 
region of the female which is bent dorsally to a much greater extent in C. 
pseudo-catinatum than in C. goldi. 

The Punjab specimens of C. goldi are a little larger than those observed by 
me in England, the females reaching a maximum length of 7-8 mm. 
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My original description of the oesophageal funnel in this species was not 
quite complete and there was a small inaccuracy in my account of the worm 
which, whilst not much affecting the relationship between C. goldi and C. 
pseudo-catinatum, may have led to confusion in another direction. In my 
description of the former species the dorsal gutter was stated to be absent, 
examination of further material however shows this organ to project as a 
small tubercle on the dorsal side of the base of the mouth-capsule (Text-fig. 

The oesophageal funnel in C. goldi is very well developed and as shown in 
my original figure (1917, p. 210) is lined by thick chitinous walls; from the 
latter three thin plates radiate into the funnel, their triangular distal margins 
frequently projecting into the cavity of the oral capsule so as to give the ap- 
pearance of small teeth (Text-fig. 3 A). 


MANN p. 
Ky me. 
Ca. 


Fig. 3. Cylicostomum goldi Boulenger. Anterior extremity. A. Lateral view. B. Dorsal view. 
x 350. 


Yorke and Macfie have recently (1920) described a new species of Cyli- 
costomum, C. tridentatum, from W. Africa, which, except in the structure of 
the male genital appendages, seems to agree exactly with my description of 
C. goldi, as modified above. As the genital appendages of certain species 
seem capable of some variation, a careful comparison of specimens of C. tri- 
dentatum and C. goldi is desirable. 


16. Cylicostomum catinatum (Looss, 1900). 
C’. catinatum was found on several occasions, usually in company with C. 
pseudo-catinatum. 
17. Cylicostomum pseudo-catinatum Yorke and Macfie, 1918. 


One of the commonest forms in the Punjab. The genital appendages in this 
species are liable to a certain amount of variation, individuals being met with 


1 I have to thank Dr J. W. 8S. Macfie for calling my attention to this error. 
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in which these organs are provided with three pointed processes instead of the 
normal two (Text-fig. 4). This character is therefore one which should be used 
with caution in differentiating the various species of Cylicostomum. 


18. Cylicostomum pateratum Yorke and Macfie, 1919. 
(C. cymatostomum Kotlan, 1919.) 

A single female specimen of this species was found in the colon of a horse 
from Sargodha, Punjab. The worm was 11 mm. in length, and in its various 
measurements agreed well with the original examples described by Yorke and 
Macfie, being distinctly smaller than the Hungarian specimens recorded by 
Kotlan under the name C. cymatostomum and which, according to [hle (1920 8), 
should be referred to C. pateratum. The species has hitherto been recorded 
from Europe only. 


Stina 


Sp. 
Fig. 4. Cylicostomum pseudo-catinatum Yorke and Macfie. Genital appendages of an abnormal 
male individual, ventral view. x 460. 


19. Cylicostomum nassatum (Looss, 1900). 


20. Cylicostomum nassatum var. parvum Yorke and Macfie, 1918. 

With the exception of C. insigne, this is the commonest species of Cyli- 
costomum met with in horses in the Punjab. The small variety is more abund- 
antly represented in my collections than the type form, the females of the 
two varieties are however sometimes difficult to distinguish. 


21. Cylicostomum insigne (Boulenger, 1917). 

C. insigne was the commonest species found in the Punjab, it was obtained 
from almost every horse dissected in Lahore, frequently occurring in very 
large numbers. I am able to add somewhat to my account of the species 
published in 1917. 

The distribution of the worm in the body of the host is peculiar: adult 
specimens were found to be almost completely restricted to the posterior part 
of the colon, only rarely occurring in the anterior region of this organ; larvae, 
on the other hand, were found abundantly in the caecum, usually encysted 
in the sub-mucosa, rarely free, in the latter condition being also occasionally 
met with in the anterior colon. 
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The cysts in the wall of the caecum appeared of a bright, blood-red colour, 
each on being opened was found to contain a cavity, filled with blood, in 
which the larvae lay coiled. These larvae were also blood-red in colour; they 
varied in length from 6 mm. to 11 mm., the larger forms being also found 


free in the cavity of the caecum. 


The smallest larvae (6-7 mm. in length) differ markedly in their structure 
from the adult worms; the characteristic leaf-crowns and the oral capsule are . 


not yet developed, the latter being replaced by a provisional mouth-capsule 


p-m.e. 
Loe. | 
A 


p.m.e.- 


Fig. 5. Cylicostomum insigne Boulenger. Lateral views of anterior extremity of larval forms. 
A. Young larva, 6 mm. in length. B. Older larva, 11 mm. in length. x 200. 


of a different shape. The cavity of this capsule is narrowed anteriorly and 
posteriorly, its walls are thick and in optical section (Text-fig. 5 A) appear to 
taper at the two extremities. An oesophageal funnel is present from the dorsal 
side of which a pointed tooth projects into the cavity of the mouth-capsule. 
This tooth is well adapted for piercing the tissues, there can be little doubt 
that the larvae when present in large numbers are capable of inflicting serious 
injury on their hosts. 

At this stage the tail of the larva is narrow and pointed, there is as yet no 
differentiation into the two sexes. 
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In slightly older larvae a series of cavities can be seen developing behind 
the provisional mouth-capsule, these are the rudiments of the adult oral 
capsule (Text-fig. 5), the chitinous walls of which soon also make their appear- 
ance. A little later the first signs of an approaching ecdysis are noted, the 
cuticle of the larva appearing double. 

In the largest larvae (11 mm. long) both provisional and adult mouth- 
capsules are quite distinct (Text-fig. 5 B), the adult oesophageal funnel has 
also made its appearance and is seen to surround the provisional funnel. At 
this stage differentiation of the sexes has also begun and in the males the 
bursa can be distinctly traced, still however enclosed within the cuticle of the 
pointed larval tail. 

When the final ecdysis occurs the larval cuticle is shed, carrying away with 
it the provisional mouth-capsule together with the funnel and its tooth. 

The adult worms met with in the posterior part of the colon are also blood- 
red, but of not quite so bright a colour as the larvae. I have little to add to 
my original description except with regard to the structure of the oesophageal 
funnel. 

In preserved specimens, killed by immersion in hot alcohol, the whole 
body is fixed in an extended condition, in this state the anterior region of the 
oesophagus appears narrow, with thick muscular walls surrounding a small 
cavity scarcely sufficiently developed to call an oesophageal funnel (Boulenger, 
1917, Fig. 3a). Observation of the living worms has shown me that during life 
the anterior division of the oesophagus is capable of expansion and contraction 
to an extraordinary degree, so that when the muscles of this region are fully 
contracted its cavity appears correspondingly expanded, forming a large, wide 
funnel which can be seen to be lined by a delicate membrane, evidently con- 
tinuous with that covering the inner surface of the mouth-capsule. 

In this contracted condition the anterior part of the oesophagus appears 
very broad and is sharply marked off from the rest of the organ by a narrow 
“neck.” This is the condition met with in the worms, obtained from a zebra 
in E. Africa, which were described by me under the name C. zebrae (1920, 
Figs. 3 and 4), these now appear to be much contracted specimens of C. insigne. 
I was able to obtain a similar appearance in the latter species by allowing 
specimens to die in cold, weak alcohol. 

C. insigne is now known from Europe, Asia, E. Africa (in the zebra) and 
N. America (Ransom and Hadwen, 1918). 
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EXPLANATION OF LETTERING. 


a.g.c., appendage of genital cone; a.m.c., adult mouth-capsule; c., larval cuticle; d.c., dermal collar 
of genital cone; d.g., dorsal gutter; e.l.c., external leaf-crown; g.c., genital cone; i.l.c., internal 
leaf-crown; 1., ventral lip of genital cone; l.oe.f., oesophageal funnel of larva; l.p., lateral 
papilla of head; m.c., mouth-collar; m.ca., mouth-capsule; oe., oesophagus; oe.f., oesophageal 
funnel; p.m.c., provisional mouth-capsule of larva; s.p., submedian head papilla; sp., spicule; 
t., tooth. 
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INTRODUCTION. 


Art the suggestion of Prof. Nuttall, F.R.S. the following observations 
made in the years 1913-14, in continuance of an investigation unavoidably 
left unfinished by a former student, the late Mr Gordon Merrimant. 
original proposal was to supplement what has already been published, re- 
garding the biology and structure of O. moubata [vide Nuttall and Warburton 
(1908), Nuttall (1911 @ and 6) and Nuttall and Merriman (1911)] and the ob- 
servations are presented under these headings in Sections I and II respectively. 

The records are incomplete in many ways, because nearly all the living 


' Some of Merriman’s data have been utilised and are fully acknowledged in the text. 
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material was destroyed by a breakdown of an incubator at Oxford! in January 
1915, which prevented the confirmation or elucidation of many interesting 
features in the bionomics of this tick. 


SECTION I. BIOLOGY OF 0. MOUBATA. 

Nuttall and Warburton (1908) emphasise the fact that very little in- 
formation is available regarding the biology of this tick. The number of 
nymphal stages has not been established and it has been alleged that the 
imaginal stages may undergo ecdysis. The following observations were made 
therefore to determine the number of moults undergone by O. moubata before 
and after reaching maturity, the changes taking place in the external anatomy 
of the ticks at each stage of development, and the duration of the different 
stages at different temperatures. At the same time records were kept of 
oviposition, copulation, longevity of the female and engorgement. 

Experimental Procedure. These observations were carried out on a series” 
of isolated females kept at different temperatures. The adult ticks were kept 
in small glass-topped entomological boxes and their progeny in glass bottles 
of convenient size, plugged with cdtton-wool. Small pieces of filter-paper, 
placed inside these containers, served to provide hiding places for the ticks 
and also to absorb the excrement. In the intervals between meals, these 
receptacles were maintained at constant temperatures in incubators. The 
ticks were fed upon a fowl, being placed in glass cylinders of small diameter, 
which could be held against the bare skin beneath the fowl’s wing. The 
individuals, hatched from each batch of eggs, were fed and reared as one 
group but, to avoid confusion of stages, the newly moulted ticks were separated 
daily from those which had not moulted. The lighter colour and softer texture 
of the integument easily distinguished the former from the latter. In some 
cases the ticks were weighed and measured both before and after feeding and 
the periods during which they remained attached to the fowl were recorded 
accurately. The parent ticks used in the following experiments were reared 
from nymphs received on 3. iii. 1913 from Livingstone, N. Rhodesia (Quick 
Lab. Cat. No. 2040), the stock material being therefore in a healthy condition. 
When a sufficient number of adult ticks had been reared from this stock, 
three series of six females were isolated and maintained at 22°, 30° and 37° C. 
respectively, together with their respective progeny. Newly emerged males 


1 After May 1914, the work was carried on, by permission of Prof. Bourne, in the Zoological 
Laboratory, University of Oxford. 

* Merriman kept records of five ticks only, reared at one temperature, from the first nymphal 
to adult stages. It was considered that results of greater value would be obtained by com- 
mencing with a series of females of known history and by rearing a portion of the progeny of 
each, at different temperatures. The work became very laborious, owing to the number of 
individuals involved and their feeding was, in consequence, somewhat irregular, as great care 
was necessary to avoid confusion of the different batches or individuals. 

The results of experiments conducted late in 1912 and early in 1913 were discarded, as the 
stock material at this date was derived from old females, which had undergone prolonged 
starvation, and was therefore of poor vitality. The immature stages raised from these females 
failed to pass beyond the third nymphal stage, probably because of this fact. 
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were allowed access to the females as they became available and additional 
males were introduced as required. Both sexes were fed about every 30-40 
days, usually when oviposition had temporarily ceased or when, from their 
general appearance, the females seemed to require food. The presence of the 
spermatophore in the genital aperture of the female can only be determined 
by handling the tick, and a few days after copulation it may become loosened 
and fall away. For this reason, the records of copulation are limited in number 
because it was considered advisable to disturb the females as little as possible 
between the oviposition periods. 


Experimental Records relating to females kept at different temperatures. 


It is necessary, at the present time, to condense experimental evidence 
for economy of space and therefore the records are presented synoptically 
below, Synopses I, II and III recording the life-histories of females main- 
tained at 22°, 30° and 37° C. respectively: 


Synopsis I. Females and progeny maintained at 22° C. 
Time reckoned in days from date of emergence of female. 


Commence- 
ment of Oviposition 
Copu- oviposition A 
No. of Date of Times of 3 lation after 3 Period No. of No. of Death 
emergence feeding added observed added of life eggs larvae of 2 
26 1. vi. 13 5 30 32 48 78 6 5 862 
89 — 135 81 11 11 
134 — 83-85 43 43 
281 105-110 76 70 — 
— 125 5 + — 
— — 172-196 46 45 
= 215-220 18 10 — 
27 26. vi. 13 15 5 — 195 200-201 26 23 643 
— — 6+ -- 220-224 18 8 — 
28 = 23. vi. 13 15 72 72 25 97-98 48 47 730 
72 101-102 24 24 
227 — — — 209-216 115 103 — 
29 vi. 5 30 27 57-58 7 71 780 
89 _- 60-64 56 52 
— 172 — 201-231 112 112 
30 1. vi. 13 5 30 90 16 46-47 57 52 723 
— 89 51 53 53 — 
172 — — 59 3 
288 -- — 115-131 103 99 
- 222-236 122 103 — 
— — — 246-258 61 49 
3l 1. vi. 13 5 30 —_ 32 62-64 25 23 554 
— —- 89 — — 67-68 12 nil 
=e 134 — 71 16 14 
178 — — — 113-131 39 38 -- 
228 — — 222 1 nil 
= — — 252 2 nil 
22—2 
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Synopsis IT. Females and progeny maintained at 30° C. 
Time reckoned in days from date of emergence of female. 
Commence- 
ment of Oviposition 
Copu- oviposition - 
No. of Date of Times of 3 lation after J Period No. of No. of Death 
“2 emergence feeding added observed added of life eges larvae of 2 
40 21. vi. 13 13 66 67 18 — “— _ 310 
67 109 79 5 3 — 
143 — 81 24 19 
206 — — 83 42 27 _ 
303 86-90 72 58 — 
41 18. vii. 13 14 39 39 1G 55 42 29 279 
— — 40 — — — 59 102 88 killed 
82 _- 106 40 nil by fowl 
_ 117 — 130 28 2 
42 23. vii. 13 34 42 — Is 60 43 39 385 
42 — — 65 21 16 
112 — - 73 11 7 
170 — — 88-92 17 10 
271 — 121-124 88 61 
43 23. vii. 13 34 42 27% 4 94-100 * 54 47 481 
42 — — 110 23 16 
77 — 124-126 65 21 
114 — — 186-190 54 24 
44 23. vi. 13 16 72 — 14 86-87 97 88 415 
— — 110 97 16 15 
145 -- 125 94 78 
201 - — 130-140 81 52 — 
305 - - 314 20 6 — 
¢ 45 23. vi. 13 16 72 16 88-92 12 3 397 
— 107 — 97-102 111 85 
— 143 115 j2 21 
200 -- 120-122 G4 6 
— 305 155-158 48 22 - 
Synopsis III*. Females and progeny maintained at 37° C, 
e Time reckoned in days from date of emergence of females. 
Commence- 
ment of Oviposition 
No. of Date of | Times of 3 lation after 3 Period No. of No. of Death 
2 emergence feeding added observed added of life eggs larvae of 2 
32-26. vi. 13 15 72 — 
= = 15 = = a 
33.21. vigl3 20 72 on — 
34 21. vi. 13 20 72 - 9 81 3 nil 118 
35 21. vi. 13 13 72 89 — “= — — 156 
36 24. vi. 13 15 72 — 162 
37-24. vi. 13 15 72 
* In addition to the above, two other series of six females each, were maintained at 37° C., 


being started on 13. xi. 1912 and 8, xii. 1913 respectively. 
The results were negative except that one female oviposited 57 eggs 29-33 days after 
emergence, from which no larvae were obtained. 


+ 


N. AND G. H. F. 331 


Feeding. In each of the foregoing series of experiments, the female ticks 
were offered food after the times indicated in the synopses, but they either 
refused to gorge or took very insignificant quantities of blood. However it 
is probable, had they been in permanent association with the host and able 
to select their own times of feeding, that they would have fed over longer 
periods. In the case of the ticks kept at 37° C., the high temperature adversely 
affected their vitality and after a period of about 70-100 days they appeared 
to be unable to feed. The two females, which did feed slightly about the 
150th day, died almost immediately afterwards!. 

Copulation usually occurs very shortly after the ticks have finished feeding. 
In the series of experiments which was discarded, copulation was observed 
on two occasions when the females were 289 days old and was succeeded in 
one case by the deposition of fertile eggs after 310 days. Females may be 
fertilised before engorgement, but no case of fertilisation by an unfed male 
was noted, probably owing to its non-activity in this state. During the course 
of these experiments it was found that copulation between individuals of the 
two species O. moubata and O. savignyi® could occur and as the females are 
apparently non-parthenogenetic, it would seem that the stimulus of coition 
is sufficient to induce oviposition. 

No evidence of parthenogenesis. It is of interest to note the regularity with 
which oviposition commenced about 15 days after the male was allowed access 
to the female (at 30° C.), irrespective of the age of the female. In each case, 
the males were newly emerged, fully fed and very active, with the result that 
the females were probably immediately fecundated. At a temperature of 
22° C., the period between the date of introduction of the male and ovi- 
position was more variable, due probably to varying dates of fecundation. 
At this temperature the activity of the individual was considerably diminished. 

To determine whether O. moubata could reproduce parthenogenetically, ten 
females, emerging in June 1913, were reared separately. They were fed in June, 
July, September and November 1913, maintained at 30° C. between feeds and 
they died in February and March 1914, without oviposition having occurred, 
except in one case, in which the female deposited 183 fertile eggs in 15-36 days 
after emergence on 1. vi. 13. This female was first fed on 6. vi. 13. 

It is probable that this female was fertilised unobserved, perhaps while 
feeding, and further evidence is necessary before parthenogenesis can be con- 
sidered to be even of rare occurrence in this species. 

1 Some records of the duration and extent of engorgement are given on pp. 336, 337. 

* Copulation between individuals of the two species O. moubata and O. savignyi, when main- 
tained at 30° C. 

(a) Two female O. moubata were associated with four male O. savignyi and fed on 21. v. 13, 
25. vi. 13 and 28. viii. 13. A spermatophore was observed attached to the sexual aperture of 
one female on 27. viii. 13. No oviposition occurred. 

(b) Conversely, two female O. savignyi and two male O. moubata were associated and fed as 
above. Spermatophores were observed attached to one female on 17. vi. 13 and to the second 


on 8. vii. 13. Oviposition occurred on 15-16. vii. 13 (32 eggs) and on 11-19. ix. 13 (107 eggs), 
none of the eggs being fertile. 


i 
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Oviposition. 

There are very few records of this phase of the life-history. The observa- 
tions of other authors, collated by Nuttall and Warburton (1908), indicate 
that the eggs are deposited in batches, being agglutinated in masses, at 
intervals of a few days. At a temperature of 29° C., in a dry atmosphere, one 
female deposited 17, 51 and 26 eggs at intervals of 3-8 days (Newstead); 
the number of eggs increased when the female took a large meal, but the 
maximum number oviposited by one individual was 139 (Dutton and Todd); 
a fertilised female did not oviposit until after it had fed (Wellman). Herms 
(1916), on the other hand, has recorded that the female of an allied species, 
O. coriaceus Koch, laid 428 eggs during her first oviposition period. 

The data, with reference to oviposition, obtained from the present experi- 
ments, are summarised in the following table, minimum, maximum and mean 
results being shown: 

Ticks kept at 


22° C. 30° C. 
A 
Min. Max. Mean Min. Max. Mean 
No. of days before oviposition | ; 
occurred after J wasallowed> 16 48 29 13 18 15 
access to (aberrant case 195) (aberrant case 52) 
No. of eggs deposited after 
each feed (when oviposition } 1 228 90 28 318 lll 
occurred) ) 
No. of days between dates of 
feeding and oviposition com- 0 50 26 7 24 13 
mencing or recommencing j 
No. of days over which ovi- 
position extended after each 1 48 18 1 47 10 
feed j 
No. of eggs deposited by one 9 44 535 240 108 488 350 
Percentage of fertile eggs 2% 58% 


It will be remembered that all these ticks originated from the same stock, 
therefore the data obtained from the experiments conducted at the different 
temperatures are strictly comparable. 

When the ticks were maintained at 30° C. oviposition did not occur generally 
after feeding until a period of a fortnight had elapsed and then it only lasted 
on the average for 10 days, these periods being increased to twice the length 
when the temperature was lowered to 22° C. The number of eggs deposited 
after each feed varied considerably, at 30° C. the minimum, maximum and 
mean numbers being 28, 318 and 111 respectively, while at the lower tem- 
perature (22° C.) the mean figure was as high as 90. The heightened tem- 
perature increased by 50 per cent. the average number of eggs (240 at 22° C.) 
deposited by one female but at the same time the fertility of these eggs was 
decreased from 91 per cent. to 58 per cent. Approximately equal numbers 
of larvae were produced therefore in the two series, although of course they 
were produced in a shorter time at the higher temperature. In these experi- 
ments, oviposition ceased when the female approached an age of 250 days, but 


. 
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it is considered that more careful feeding would probably have increased both 
the total oviposition period and the number of eggs deposited. Although at 
these temperatures the maximum number of days over which oviposition 
extended after each feed was 48, several cases were noted in which females 
kept at 30°C. produced fertile eggs about 75 days after engorgement. The 
largest number of eggs produced by one female was 535, of which 91-5 per 
cent. were fertile, the tick in this case having been kept at 22°C. It is of 
interest to note that in the incubators, oviposition occurred usually at night, 
which is in conformity with the natural habit of the tick. 

Under laboratory conditions therefore, the influence of the temperature 
factor on oviposition is very marked, a rise of 8° C. (from 22° C.) practically 
doubling the rapidity of egg-production after each meal, but at the same time 
reducing the fertility of the eggs by 30 per cent. A further increase of tem- 
perature to 37°C. under these conditions inhibited reproduction almost 
entirely. 

Experiments devised to determine the influence of food on oviposition and 
fertility were not completed owing to the breakdown of the incubator. 


Longevity of females, males and nymphs. 


Females. The longevity of the female tick under varying conditions is 
recorded in the following table, being reckoned in days from the date of 
moult: 


Longevity in days No. of 
A individuals 
Condition Temp. ° C. Min. Max. Mean observed 
Performing normal functions 22 554 862 715 6 
30 310 481 397 5 
” ” ” 37 118 162 145 6 
Unfed 37 32 105 78 12 


Males: (a) Unfed and kept at 30° C.: 


13 males (progeny of 2 45), which emerged on 11. xii. 13, lived for minimum, 
maximum and mean periods of 130, 244 and 184 days. 


(b) Allowed one feed and kept at 37° C.: 


11 males (progeny of 9 41), which emerged on 10. xii. 13 were fed on 
15, xii. 13. They lived for minimum, maximum and mean periods of 98, 136 
and 123 days. 


First-stage nymphs—unfed : 


Longevity in days No. of 
Date of individuals 
Temp. in°C. emergence Min. Max. Mean observed 
22 30. x. 13 305 400 362 23 
24. vii. 13 245 302 267 26 
12. x. 13 310 418 347 110 
30 30. x. 13 141 210 179 23 


37 30. x. 13 45 62 bl 23 


| | | 
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The longevity of individuals of either sex is greatly influenced by tem- 
perature, the length of life of a normal female, kept at 37° C. being approxi- 
mately one-fifth that of a similar female kept at 22°C. An unfed female has 
about half the span of life of a fed female, when both are maintained at 
37°C. The series of females kept at 22° C. survived unfed for a mean period 
of 441 days after ovipositing, whereas at 30°C. the females died off in a 
quarter of the time. 

The male individuals are very resistant to starvation, having an average 
life of 184 days when kept at 30°C. Unfed first stage nymphs may survive 
for a year at low temperatures, but they succumb fairly quickly, at 37° C. 


No evidence of adult ticks moulting. 


According to Nuttall and Warburton (1908) two authors have stated that 
O. moubata moults after reaching maturity: (a) the female tick may moult 
after oviposition (Dénitz) and (b) the male individuals alone may continue 
to moult (Méllers). 

During these experiments however, although sexually mature ticks were 
kept alive for long periods, no individual, male or female, was observed to 
undergo ecdysis, once that individual had reached the adult state. 


Duration and number of the nymphal stages at 22° and 30° C. 
(a) Experimental Data. 


A portion of the progeny of each female was reared separately to the 
adult stage, to determine the duration of the various nymphal stages and to 
establish the number of these stages. The individuals, which failed either to 
feed or to moult after feeding (through not procuring sufficient food or other 
cause), were rejected at each stage. 

it is not considered necessary to present the data in detail for each batch 
of individuals reared and the records are summarised in Synopsis IV. The 
minimum, maximum and mean durations of the stages are given, together 
with the numbers of the individuals on which the observations were made. 
The ‘larva passes into the first nymphal stage without previous engorgement, 
but not so the succeeding stages, and therefore it should be noted that after 
the first nymphal stage the periods required for ecdysis are reckoned from 
the date of the previous meal and not that of the previous moult. In the 
majority of cases, the newly emerged individuals were offered a meal as soon 
as they appeared to be capable of feeding. 


- 
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Synopsis [V. Duration of stages in days. 


Ticks kept at 22° C. Ticks kept at 30° C. 
No. of No. of 
individuals individuals 
Stage Min. Max. Mean observed Min. Max. Mean observed 

Egg to larva 11 25 16 226 8 13 10 166 
Eggtolst@ 20 38 23 221 13 19 4 112 
Ist to 2nd © 9 20 12 379 5 8 6 405 
2nd to 3rd © 9 26 14 303 5 10 8 371 
3rdto4th |} © 9 22 15 215 6 11 8 274 
© or adult ) gl2 18 15 33 7 10 8 16 

as © 8 30 23 109 7 11 9 128 
4th to re oul 35 23 73 8 16 10 93 
@ oradult | 6 19 35 20 62 8 ll 9 35 
) 13 1 9 13 12 7 
Sth to re S15 21 17 7 9 17. WB 13 
© oradult ) 014 25 16 32 7 16 10 77 
6th to 7th ) © No records 23 — 23 2 
oradult Q on 23 15 5 


(6) Discussion of Data. 


The casualties! from one cause or another were very large, as only 36-3 
per cent. of a total number of 1233 eggs were reared to the adult stage. About | 
40 per cent. reached maturity at 22° C. and 33 per cent. at 30° C. 

The ratio of the sexes was practically equal, there being 235 males to 
212 females among the total number of adults reared. 

The number of ecdyses undergone by an individual before reaching 
maturity varied as shown in the following table: 


Number of Percentage of Percentage of 


ecdyses males females 
4 20-8 nil 
5 70-7 45-7 
6 8-5 51-5 
7 nil 2:8 


As two seventh stage nymphs were obtained but failed to mature, it would 
appear that occasionally a female individual may undergo eight ecdyses. 
Males appeared after four to six and females after five to seven ecdyses, but 
whereas the majority of the males appeared after the fifth, the females 
appeared in approximately equal numbers after the fifth and sixth ecdyses. 

Herms (1916) states that in the allied species, O. coriaceus Koch, the 
number of moults varies from four to seven. He also found, in the case of 
this species, that metamorphosis occupied a period of at least 159 days 
(? temperature) which.is very considerably longer than was required under 
the conditions of the foregoing experiments. In the latter at 30° C., only the 
two last changes, namely the fifth to sixth and sixth to seventh nymphs or 

? An unrecorded number of individuals of low vitality were rejected because they either 


failed to moult or refused to feed. Many of these could, no doubt, have been reared to maturity 
by being fed repeatedly, and would have matured under natural conditions. 
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equivalent adult stages, occupied more than ten days and a decrease in 
temperature of 8° C. did not double these periods. In Nature, an individual 
would require certain periods of quiescence to prepare and recover from 
ecdysis and very varying periods to enable it to find a suitable host. Ignoring 
these latter periods, the data given in Synopsis IV indicate that the mean 
minimum periods required for the metamorphosis of an individual from egg 
to adult are as follows: 
At 22°C.: g 64, 87 or 104 days. 
84 or 103 
At 30°C.: 36,46 0r57 
9 45,550r72_,, 


according to whether the male undergoes four, five or six and the female five, 
six or seven moults. Therefore an increase in temperature of 8° C. (from 
22° C.) approximately halves the average time required for metamorphosis, 
and at the higher temperature there is more regularity in the individual 
life-histories. The adults emerge from the previous nymphal stage in the 
same time as the nymphs of the equivalent stage. 

The period of starvation appears to make but little difference in the time 
required after engorgement for ecdysis, provided of course it is not too pro- 
longed. Two batches of second stage nymphs, in one case, were starved for 
6 and 36 days respectively, yet the third stages emerged in mean periods of 
11 and 10 days; in another case, third stage nymphs starved for 5 and 18 days 
moulted in mean periods of 10 and 12 days; in a third case, fifth stage nymphs 
starved for 9 and 37 days produced females in 14 days. 

Preparatory to the emergence of a new stage, the nymphal skin normally 
splits laterally, as far as the ventro-anterior edge of the spiracle. The slit 
may not extend to the spiracle or it may go considerably beyond, a long 
series of specimens showing every variation. In all cases, however, the slit 
passes or tends to pass immediately under the ventral edge of the spiracle. 

The photographs! in Plate X VI show the successive stages of the emergence 
of the first nymph from the larval stage. In the first the larva is still partly 
enclosed in the egg-shell, in the second it is quiescent, with its legs contracted, 
preparatory to ecdysis. The first nymph then emerges, leaving its larval skin 
enclosed within the egg-shell, clearly shown in the last four photographs. The 
difference in texture between the larval skin and the egg-shell is very apparent. 
In many cases, however, the larva frees itself from the shell before under- 
going ecdysis, as in the case of O. savignyi. 


Duration and extent of engorgement at each stage. 


Engorgement can take place at any stage of the life-history, after the 
larval stage has been passed, very shortly after emergence, probably as soon 
as the chitin of the mouthparts has hardened sufficiently to ensure penetra- 


1 These photographs were taken by the late Mr G. Merriman, from balsam preparations. 
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tion of the host’s skin. During these experiments, taking the nymphal stages 
1 to 6 in order, the minimum number of days elapsing between emergence 
and feeding were 5, 2, 2, 1, 3 and 7 respectively, but no special attempt was 
made to induce early feeding in any case. 

Successful ecdysis seems to be dependent on the extent of the previous 
meal and in the case of O. moubata never occurs prior to engorgement, at any 
stage of the life-history (excepting larva to first nymph). Herms’ (1916) 
statement therefore, that the first stage nymph of O. coriaceus Koch moulted 
to the second stage nymph, without previously feeding, if confirmed, would 
be of interest. 

The two points for consideration in the gorging of ticks are (1) the time 
of attachment to the host and (2) the quantity of blood they are capable of 
absorbing. Merriman kept four ticks under observation from the first nymphal 
stage until they reached maturity and recorded their weights before and after 
engorgement and the times of attachment to the host. His records showed 
that the time of attachment was approximately the same with all stages; 
taken collectively, the minimum, maximum and mean times were 25, 74 
and 48 minutes respectively, at room temperature, about 16°C. The period 
of starvation had no influence on the time required for engorgement nor was 
the feeding period correlated with the amount of blood absorbed. 

The mean increases in weight in grams were 0-0011, 0-0040, 0-0084 and 
0-0361 for the first four nymphal stages. The two fifth stage nymphs, which 
gave rise to females, showed a mean increase in weight of 0-0528 gram and 
after reaching the adult state of 0-1349 gram. The two males which emerged 
from the fourth nymphal stage showed a mean increase of 0-0076 gram 
only. 

Merriman therefore concluded that the female fed chiefly after reaching 
maturity, for the purpose of egg maturation and that the male required 
most food in the last nymphal stage for the production of spermatozoa. To 
test this conclusion, ten nymphs were reared separately from June 1913 
onwards, Merriman’s observations being repeated, but in this case the ticks 
were maintained at 30° C. between meals. Six individuals were female and 
four male. In the female series, the minimum, maximum and mean increases 
in weight in grams were (a) before the final moult, 0-0158, 0-0432 and 0-0272 
and (b) after the moult 0-0062, 0-1310 and 0-0492; the corresponding figures 
for the male series were (a) 0-0158, 0-0164, 0-0122 and (b) 0-0066, 0-0296, 
0-0166 grams respectively. For the ten ticks, the period required for moulting 
varied between eight to ten days only, although the quantities of blood 
absorbed varied very considerably. 

It would appear therefore that the adult of either sex may take its largest. 
meal either before or after reaching maturity, the extent of the meal probably 
depending on the vitality of the individual. This view is supported by the 
time records. These show that the ticks which fed heavily secured a suffi- 
ciency in short periods of time, e.g. one female gained 0-1012 gram in 23 
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minutes while a second only gained 0-0344 gram in 65 minutes. Whatever 
the extent of the meal! however, the period required for moulting was un- 
affected. 

The influence of moisture on vitality and eedysis. 


O. moubata is said to prefer dryness. To determine the influence of 
moisture on metamorphosis, a lot of 150 first stage nymphs from the same 
female was divided into three, these batches being confined in covered jars 
and kept at 30° C. between meals. The atmosphere in the first jar was main- 
tained in a saturated condition by the presence of excess of water, to the 
second jar a very little moisture was added each morning and the air in the 
third jar was dried by means of a layer of calcium chloride. The first stage 
nymphs were fed on 18. ii. 1913 and each batch of the succeeding stages on 
16. iv. 13, 23. v. 13, 13. vi. 13 and 10, vii. 13 respectively. In the following 
table the minimum and maximum numbers of days required for ecdysis are 
given, with the mean in brackets and the number of individuals observed in 
square brackets: 


Atmosphere 2nd © 3rd © 4th © 5th © 6th © 
Saturated 6—8 (6) 6—15 (8) ll — — 
[28] [22] [1] 
Moist 5—8 (6) 6—8 (7) 8—11 (8) 10 ants 
[40] [31] [6] 23,39,1© 
Dry 5—6 (6) 6—8 (7) 6—16 (7) 7—14 (9) 10—14 (12) 
[43] [36] [36] 33 [32] 103, 142 [6] 2 


From these records it will be seen that an excess of moisture has no inhibitory 
influence on ecdysis (cp. Synopsis LV), but that it is decidedly unfavourable 
to the vitality of the individual, only one tick passing the third nymphal stage 
under these conditions. Even under medium conditions, the mortality was 
large only eight ticks maturing, whereas under dry conditions 66 per cent. of 
the nymphs completed metamorphosis. 

This result is of particular interest in relation to some observations of 
Rodhain (1919), on the distribution of O. moubata in tropical Africa. This 
author considers that the absence of the tick in the lower equatorial regions, 
in the very humid areas, may be partly, if not entirely, explained by the 
assumption that these ticks suecumb rapidly, in a habitat of this character. 
Man, the normal host, may certainly be temporarily absent, but occasional 
hosts, such as warthogs, are frequently abundant. 


SECTION II. STRUCTURE OF 0. MOUBATA. 


This section comprises notes on the dimensions of the egg and unfed 
specimens of the different stages, the changes in form undergone during 
development by structures of diagnostic value, namely the hypostome, the 
fourth tarsus and the spiracle, and on the genital apertures of the two sexes. 


1 Forcible detachment, after partial engorgement, would no doubt affect the length of this 
period, or even prevent ecdysis if it occurred too early. 
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Dimensions of the egq. 

According to Nuttall and Warburton (1908), Dutton and Todd record the 
size of the egg as 0-9 x 0-8 mm. During the course of these experiments 
however, 193 eggs were measured immediately after deposition, being ovi- 
posited by four different females. The minimum, maximum and mean 
measurements of length x breadth were 0-9 x 0-8 mm., 1-5 x 1-1 mm. and 
1-06 x 0-92 mm. respectively. The maximum records approximate closely to 
figures obtained for the egg of O. savignyi. The eggs (mean measurements 
1:19 x 1:0 mm.) of one female were distinctly larger than those of the other 
three, although their fertility was very low, only 11 per cent. producing 
larvae. The variation in size in the other batches was negligible even from 
different parents. The age of the female appears to have very little influence 
on the size of the eggs, very similar mean measurements being obtained from 
batches of eggs deposited after intervals of 70 and 140 days. 

When first oviposited the egg is light straw-coloured and translucent. It 
darkens in a few hours at 30°C. but much more slowly at 22° C., at which 
temperature it may take from 24 to 30 hours to attain the final dark brown 
colour. The normal coloration is lighter than in the case of O. savignyt. 


Dimensions of unfed stages. 

As very little information is available! with regard to the sizes of the 
different stages, particularly of unfed individuals, and as a considerable amount 
of material, from one stock, had been bred under control, it was considered 
that the measurements detailed in Synopsis V would be of interest. These 
data were obtained by outlining, under the binocular microscope, the dorsal 
surfaces of wnfed specimens, the breadth being taken as the distance between 
the spiracular depressions. 


Synopsis V. Dimensions of stages. 
Measurements in mm. to nearest tenth from unfed specimens preserved in 


70 % spirit shortly after emergence. Ba of 

Min. Max. Mean individuals 
Stage Length x Breadth Length x Breadth Length x Breadth observed 
Larva 0-8 x 0-7 13x11 1-1 x0-9 80 
Ist © 1-0 x 0-7 1-3 x 1-0 1:2 x0-9 74 
2nd © 1-2 x 1-0 2-2 «16 1-6 x 1-3 54 
3rd © 18 x 1-4 3-4 x 2-4 2:7 x20 23 
4th © 2-8 x 2-0 45 x 3-1 3-7 x 2:5 26 
3 from 3rd © 3°8 x 2-4 4-9 x 3-3 4-6 x 3-0 35 
5th © 3-1 x 2-2 61x43 4-6 x 3-2 39 
3 from 4th © 4-0 x 2-6 6:3 «4-3 4:9 x 3-2 137 
from 4th © 4-9 x3-2 §-1 x 5-4 4-0 69 
6th © 5:3 x 3-4 5-3 x 3-4 
3 from 5th © 4-6 x 3-0 6-0 x 4-4 53 x 3-5 19 
2 from 5th © 5-0 x 3-2 8-9 x 5-9 6-6 x 4-4 78 
ith © 6-2 x 3-8 6-9 x 4:3 6-5 x 4-0 


2 
(slightly fed) 
° from 6th © 6-7 x 4:3 8-4 x53 T4x4-7 6 
+ Vide Nuttall and Warburton (1908). It should be noted that prolonged starvation will 
accentuate the dorso-ventral flattening, therefore the measurements of a tick on emergence 
and after starvation may be different, the latter figures being the greater. 
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The dimensions of individuals of maximum size in any one stage exceed 
those of individuals of minimum size in the succeeding stages. As would be 
expected, the adults emerging from one nymphal stage are smaller in size 
(mean measurements) than the adults emerging from the succeeding nymphal 
stages, presumably owing to the fact that the latter have secured additional 
food and have had longer growth periods. In addition, considering the fourth 
to the seventh nymphal stages, the males of any one stage are only slightly 
larger, whereas the females are considerably larger than the nymphs of the 
equivalent stage. Partially gorged individuals may require a greater number 
of meals than normal individuals before completing their metamorphoses, 
that is to say, the individuals of minimum size have the minimum vitality, 
are comparatively poor feeders and may require to undergo more moults 
before reaching maturity. How far, if at all, the extent of engorgement 
determines the number of nymphal stages still requires elucidation. 

Considering the larval and nymphal stages in order, the percentage in- 
creases in length are 9-1, 33-3, 68-8, 37-1, 24-3, 15-2 and 22-6 respectively. 
The 9 per cent. increase from larval to first nymphal stage is brought about 
by the change in the body contour and not by growth. The highly convex 
body of the larval stage is flattened dorso-ventrally in the first nymphal stage. 
The greatest growth in these experiments occurred in the second nymphal 
stage, the 68-8 per cent. increase in length being accompanied by a 53-9 per 
cent. increase in breadth, neither of these figures being reached in any of the 
other nymphal stages. The temperature at which the individuals were main- 
tained between times of feeding had no influence on their growth, the mean 
figures obtained from material bred at 22° C. and 30° C. varying only by small 
fractions of a millimetre at each nymphal and equivalent adult stage. 


Changes in external anatomy undergone during development. 
(a) The Hypostome. Fig. 2. 


The changes in the dentition of the hypostome during the development 
from larva to adult are indicated in Fig. 2, (a) to (h) representing the larval 
and nymphal organs arranged in order of development, (7) and (7), the hypo- 
stomes of females emerging from fourth and sixth nymphs and (f) and (/), 
of males from third and fifth nymphs respectively. 

The teeth are arranged in transverse rows and longitudinal files’. The 
number of teeth borne by the hypostome increases each time the tick under- 
goes ecdysis, both by the addition of teeth in the rows and by the formation 
of additional files. In the larva there are only two rounded teeth on each 
half of the distal extremity of the hypostome (1/1) their form indicating that 
they could scarcely serve for attaching the tick to a host. It is well known that 
the larva moults to the first nymphal stage without previous engorgement. 
The first-stage numph is, however, an active feeder and the dentition of its 


1 The signs 2/2, 3/3 used hereafter indicate the number of files on each side of the median line. 
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Fig. 1. Showing the larva of Ornithodorus moubata protruding from the ruptured egg-shell. 
(A) dorsal aspect, showing one leg and mouth parts, (8) ventral aspect of same specimen. 
x 65 (G. M. del. 1912). 


0:5 mm. 


stage nymphs; (7) and (j) of females, from 4th and 6th stage nymphs; (&) and (/) of males 


Fig. 2. Ornithodorus moubata, hypostomes in ventral aspect: (a) of larva, (b) to (h) of Ist to 7th ‘ 
from 3rd and 5th stage nymphs. (N. C. del.) 
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hypostome is proportionately develgped, some of the teeth being well-de- 
veloped and pointed. They are arranged in five transverse rows, the distal 
three 2/2 followed by two 1/1, only the former being functional. In the 
succeeding stages, the hypostome increases in size and the dentition becomes 
more complex. At the extremities of the hypostome, the teeth are always 
poorly developed, this being the case at the proximal end particularly, where 
it is difficult to determine the exact number and arrangement. The hypostome 
of the second-stage nymph shows six transverse rows, of which four are arranged 
2/2, a third file commencing at the fifth row. Rows 5 and 6 are but poorly 
developed. 

In the third- and fourth-stage nymphs the transverse rows number about 
8 and 12 respectively, but in the former the functional teeth are still arranged 
2/2 while in the latter a third file becomes well-developed at row 4; in addi- 
tion a fourth file commences at row 6. In the later stages the smaller distal 
teeth are arranged in two rows. In the fifth-stage nymph only row 3 remains 
2/2, followed by three rows 3/3 and one or more functional rows 4/4. In the 
sizth- and seventh-stage nymphs, the distal teeth are arranged 3/3 for four rows, 
4/4 for two rows, and then 5/5 for three or more rows, the remaining teeth 
dwindling away posteriorly. 

The dentition of the adult approximates to that of the equivalent nymphal 
stage, the smaller individuals having the lesser number of files and rows of 
functional teeth. 

Commencing with the larva and taking the nymphal stages in order, the 
total numbers of teeth, large and small, borne by the hypostomes of the 
particular individuals to which Fig. 2 relates are 4, 16, 26, 40, 70, 86, 102 and 
1041, Males from third and fifth nymphs show 76 and 102 teeth and females 
from fourth and sixth nymphs 78 and 160 teeth respectively. 


(b) The Legs. Fig. 3. 


In Fig. 3 are illustrated the terminal portions of the fourth legs of ticks 
during the successive stages of development, namely the first to seventh 
nymphal stages (normal individuals) and the second to fifth nymphal stages 
(small individuals); of males from the third and fifth nymphs and of females 
from the fourth and sixth nymphs; and also the tarsi of the first legs of 
first and second nymphs. The larval leg is illustrated in Fig. 1. In the latter 
the leg is undeveloped and useless for locomotion, the chitin being exceedingly 
thin and the claws weak. 

The characteristic and diagnostic dorsal humps seen on the protarsus and 
tarsus of the adult are reduced or absent in the immature stages. 

The protarsus of the first nymph carries a slight protrusion which becomes 
more developed at each successive stage, both normal and small, until in the 
sixth and seventh nymphal stages, the hump is as prominent as it is in the 


1 This hypostome may not be typical, as only two individuals were available for examination. 
2 The larva, like the larva of O. savignyi, is able to free itself from the egg-shell in many cases. 
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adult stages. The basal tarsal hump is absent in the first stage, develops as 
a slight protrusion in the second and gradually assumes a hump-like form in 
the subsequent stages. But in small individuals of the second and third 
stages the protrusion is still slight, and as in the first stage there is no trace 
of the distal hump. In normal individuals however, the latter hump is repre- 
sented in the second stage by a scarcely perceptible prominence, in the third 
by a slight protrusion and in the fourth onwards by a definite hump. 

The size of the humps is less in the smaller specimens of these later nymphal 
stages. In the adult all the humps are very marked but the structure of the 
leg is subject to variation in individual ticks. The distal humps are somewhat 
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Fig. 3. Ornithodorus moubata, tarsi of fourth legs, in lateral aspect. (N. C. del.) 


smaller in adults from third nymphs than in adults from succeeding nymphal 
stages and also the humps are less marked in the more feebly developed indi- 
viduals. 

The tarsus of the first leg of the immature stages shows protrusions occu- 
pying the positions of the humps on the first tarsus of the adult. This is the 
case even in the first two stages, as shown in the sketches included in Fig. 3. 


(c) The Spiracle. Fig. 4. 


In Fig. 4 the outline of the cribriform plate is shown for the following 
stages, namely first to seventh nymph (a) to (g); males from third and fifth 
nymphs, (/) and (7); and females from fourth and sixth nymphs, (j) and (k). 
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The round plate of the first nymph becomes comma-shaped in the second 
nymphal stage, owing to the formation of an anterior horn. In the next stage. 
the horn is prolonged ventrally and the plate extends posteriorly. In the 
fourth and fifth stages the plate develops on the same lines, in the latter case 
being almost semicircular. In the last two stages, the two ends of the plate 
tend to close in on one another, the anterior end being directed posteriorly 
and the posterior end ventrally. 

The plate of the adult resembles that of the equivalent nymphal stage, as 
a comparison of (h) with (d) and (j) with (e) in Fig. 4 indicates. The spiracles 
of adults from fourth (3) and fifth (2) nymphal stages are intermediate in 
structure between those illustrated. Variations in the shape of the plate for 
any one stage are not very pronounced. 


O-5 min. 


Fig. 4. Ornithodorus moubata, outlines of cribriform plates of spiracles: (a) to (g) of Ist to 7th 
stage nymphs; (/) and (7) of males from 3rd and 5th stage nymphs; (j) and (k) of females 
from 4th and 6th stage nymphs. Top=anterior, right dorsum. (N. C. del.) 


It is possible therefore, from a consideration of the structure of hypo- 
stome, spiracle and fourth tarsus, to determine approximately the stage of 
development which a tick of this species has attained. The effect of mal- 
nutrition in inducing variation is very pronounced in other genera of ticks, 
as shown by Nuttall (1913) and Cunliffe (1913) and has not been thoroughly 
studied in this species. The hypostomes show some variation between indi- 
viduals of the same stage, with regard to the total number and arrangement 
of the teeth and further study will probably show that the dentition of a 
small and poorly developed individual will tend to approach that of a normal 
tick of a preceding stage. Very considerable variation occurs in the tarsal 
humps of small and normal nymphs of the same stage (vide Fig. 3), but as 
far as was ascertained, the spiracular variation was not very pronounced. 
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Successive stages of the first nymphal stage emerging from the larval skin. Note the difference 
in texture of larval skin and egg-shell, (Photograph by G. M. 1912.) 
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NOTE ON THE EXTERNAL CHARACTERS WHICH SERVE 
TO DIFFERENTIATE THE SEXES. 


By G. H. F. Nurratt, Sc.D., F.R.S. 


Tue structures surrounding the genital orifice constitute the only essential 
external difference between the sexes in O. moubata. It is true that the 
average male is smaller than the average female but some males exceed 
certain females in size. The smallest males measure 4-5 x 3 mm.', the largest 
8-6 x 6-1mm. The females likewise vary in size, measuring 6 x 3-8 to 
11-4 x 9:3 mm. according to our observations, although Dutton and Todd 
(1905) record a gorged female which attained 12 x 10mm. We find that 


Fig. 5. Ornithodorus moubata, genital apertures, (A) of male, and (B) of fema'e individuals. 
(E. W. et G. H. F. N. del. 1913.) 


the size of the average male is 6-1 x 4-3 mm. and that of the average female 
8 x 6-5 mm., these measurements being based on the examination of some 
400 specimens of both sexes. A variation in size is observable in moubata 
raised under apparently identical experimental conditions. The measurements 
of the capitulum correspond to those of the body; in small males the capitulum 
measures 0-95 x 0-581, in large females it measures 1-4 x 0-9 mm. 

The genital aperture is usually smaller in the male, but in large males it 
may exceed the size of the aperture in small females. In the male (Fig. 5 A) 

' The figures give the length x the width. The length of the capitulum was measured from the 


posterior ventral margin of the basis capituli to the distal extremities of the extended palps: 
the width given is that of the basis capituli at the palpal articulation. 
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the sexual orifice is situated ventrally between the first pair of coxae about 
midway along their length. The orifice is surrounded by lip-like folds, the 
anterior lip being concave posteriorly and the posterior lip almost rectilinear. 
The anterior lip is more highly chitinized than the posterior one. A tongue- 
like flap arises from beneath the posterior lip and protects the aperture which 
lies between its anterior portion and the concave margin of the anterior lip. 

The female genital aperture (Fig. 5 B) or vulva, is readily distinguishable, 
being broad, slit-like, and situated more posteriorly than the male orifice. 
The vulva lies ventrally in a transverse oval depression of the integument, 
situated between the posterior angles of the first pair of coxae. The lips of 
the vulva protrude more or less from the oval depression and are comparable 
to the lips of the human mouth. The anterior lip is rectilinear on its anterior 
margin, the posterior lip, with which it is continuous, being concave anteriorly 
and at the sides where it joins the anterior lip. Protruding in a tongue-like 
manner from between the lips is a chitinous fold, comparable to the structure 
seen in the male, and having a concave anterior margin. The female orifice 
lies between this fold and the anterior lip. In females that are ovipositing 
the vulva may be situated more anteriorly than here described. 

In the last stage nymphs, from which the adults emerge, there is always 
an Anlage or pit situated at the point where the genital orifice of the adult 
occurs. This pit may be sufficiently deep to mislead the observer into be- 
lieving that he is dealing with an adult speciment. The Anlage, which is 
absent in younger stage nymphs, does not however show the structure which 
is typical of the adult. 


SuMMARY OF RESULTS. 


1. Copulation between individuals of the two species O. moubata and 
O. savignyt may occur, and the stimulus of coition may induce oviposition, 
the eggs being non-fertile. 

2. There is no evidence of parthenogenesis in this species, nor do these 
ticks undergo ecdysis after reaching maturity. 

3. An increase in temperature of 8° C. from 22°C. (a) doubles the rate 
of oviposition, (b) decreases the fertility of the eggs by 30 per cent., (c) reduces 
the longevity of the female tick from 715 to 397 days, 7.e. by 40 per cent. and 
(d) approximately halves the period required for metamorphosis, under 
laboratory conditions. Under these conditions at 37°C., reproduction is 
inhibited, and the longevity of the female is reduced by 80 per cent. 

4. An individual may undergo from four to eight ecdyses before reaching 
maturity, the great majority of the males appearing after the fifth ecdysis 
and the females about equally after the fifth and sixth ecdyses. 

5. Engorgement can take place one or two days after emergence, at any 
stage, the average time required being three-quarters. of an hour. There is 


1 The statement by Dénitz (1907) that adult moubata may moult is contrary to our experi- 
ence and is doubtless due to his taking last stage nymphs for adults. 
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great variation in the extent of engorgement at each stage, but this is not 
correlated with the ecdysis period. The largest meal may be taken either 
before or after an individual reaches maturity. 

6. Moisture has an adverse influence on the vitality of the individual, 
excess of moisture inhibiting growth. 

7. An approximation to the stage of development attained can be made 
after the study of the structure of the hypostome, leg and spiracle. The 
larval and first four nymphal stages are fairly well differentiated, much more 
so than the later stages, but variation due to nutrition requires further study. 
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THE INFLUENCE OF THE HY DROGEN-ION CONCENTRA- 
TION IN THE DEVELOPMENT OF MOSQUITO LARVAE. 


(PRELIMINARY CONTRIBUTION.) 


By MALCOLM E. MacGREGOR. 
Wellcome Bureau of Scientific Research, Field Laboratory, Wisley, Surrey. 


Iv is a common experience that mosquito larvae when they are brought into 
a laboratory to undergo their development, often fail to develop normally. 
At times a high mortality takes place, or the larvae lapse into a condition of 
suspended development continuing as larvae for months. The latter phase 
usually ends in death before pupation can take place. I have been puzzled 
to account for these manifestations for a very long time, and have conducted 
various experiments in the hope of discovering the cause. The general opinion 
on the matter, I think, is that there is “something wrong with the food 
supply,” but as a matter of fact larvae supplied with an ample diet often 
show the same state of affairs. 

It appears that what underlies the phenomenon is not the fortuitous 
absence of certain food elements, but the influence that changes in the 
hydrogen-ion concentration have upon several factors in the larval develop- 
ment. 

In breeding the English tree-hole mosquitoes in this laboratory I found 
that the larvae, which were kept in the water from the tree-holes without the 
addition of other water, developed normally. It was at first thought that a 
high concentration of organic matter in the water was needed by the larvae, 
and therefore when dilution of the tree-hole water was necessary in order to 
increase the bulk, a generous supply of beech leaves taken from the tree- 
holes, and dead insects was added to this water. Tap water was used to 
dilute the tree-hole water. Nevertheless in every case the development of the 
larvae failed to continue normally. It was thought that possibly the tap 
water had some adverse influence, and filtered pond water was used subse- 
quently with no better result. 

Soon after an exhaustive series of experiments along these lines had failed 
to indicate what underlay the phenomenon, it occurred to me to test the 
various waters in terms of the hydrogen-ion concentration. The local tap 
water gave a Py, of about 8, and all the waters of the local streams and 
ponds gave readings of P,, 8-2 to 8-4 approximately. I then decided to test 
the tree-hole water and I was surprised to find that in every case alkalinity 
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had given place to acidity, and the readings of the tree-hole water ranged 
well below P,, 4-4. 

This significant result led me to collect a large batch of Finlaya geniculata 
larvae for the following experiment. The tree-hole water in which the larvae 
were brought to the laboratory gave a reading of Pj, 4-4. 

The water was poured into jars A and B, an equal number of larvae being 
placed in each jar. 

On the first day of the experiment the P;, of “A” was 4-4, and the 
P|, of “B” was driven well below 4-4 by the addition of acetic acid. 

Ten days later the P,, of jar “A” had risen to 4-6—probably by the 
absorption of ammonia from the laboratory atmosphere. The P,, of jar “B” 
was still well below 4:4. By this time the larvae had reached the fourth 
instar, pupated successfully, and later emerged as very robust mosquitoes. 
Moreover none had shown the suspended development condition, and not one had 
died out of either batch. This was unusual in my experience, as I had hitherto 
regarded the dilution of the tree-hole water with tap water as of no conse- 
quence provided that dead insects and old leaves were added in abundance. 
However it has since been found that while fresh dry beech leaves if placed 
in distilled water will very soon render the water distinctly acid, old beech 
leaves that have soaked in water for some time lose their acid content. 

Old leaves were used in the previous experiments, and it has become 
evident that they were incapable of neutralising the alkalinity of the added 
tap water, and by the addition of only a small quantity to tap water the 
normal acid environment of the larvae was changed to an alkaline environ- 
ment much to the detriment of the larval development. 

These investigations in regard to the development of Finlaya geniculata 
have led me to conduct similar experiments with Anopheles plumbeus another 
tree-hole breeding mosquito. Similar results were obtained with the latter 
species, 7.e. the larvae living in acid water flourished, whereas their develop- 
ment in alkaline water was inhibited. 


The influence of the P\, on pond and ditch breeding mosquitoes. 


I have mentioned that the average P,, of the local ponds and ditches is 
8-4—that is, unlike the tree-hole water, the reaction is alkaline. 

Experiments were undertaken to determine what effect changes in the 
hydrogen-ion concentration would have in the case of Anopheles maculipennis, 
A. bifurcatus and Ochlerotatus nemorosus. It was again found that changing 
the reaction of the water had a profound effect: acidity affecting develop- 
ment adversely. The following is a typical result of the series of experiments: 

About two pints of pond water in which A. maculipennis was flourishing 
under natural conditions was divided equally and placed in three clean glass 
dishes, marked “A,” “B,” and “C” respectively. After a small quantity of 
pond weed had been placed in each dish, and the whole allowed to stand for 
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some time, P,, readings were taken. A Py, of 8-4 was registered by the 
water in each dish. By the addition of acetic acid to dish “A” the P,, was 
altered to 4-4, when tested with methyl red. By the addition of N/10 NaOH 
to the water in dish “C” the P), was altered to 9-6, when tested by thymol 
blue. 

Sixty larvae of A. maculipennis in the pond water in which they had been 
collected were then stranded on filter paper by pouring the water through 
the paper. This was done in order that the larvae might be added to the 
water in the dishes, carrying with them the least possible water so as not to 
alter the recorded readings. Twenty larvae were then carefully removed from 
the paper with the aid of a section lifter, and placed in each of the three 
dishes. The water was again tested by withdrawing a small quantity from 
each dish to separate tubes, and the readings were found to be the same as 
before. The three dishes were then placed under equal conditions of light and 
temperature. 

On the following day all the larvae in dish “A” (Py 4:4) were dead or 
dying, while the larvae in dishes “ B” and “C” were normal and very active. 
A day later all the larvae in dish “A” were dead, and the sporangia of Sapro- 
legnia sp. formed a dense frill around their bodies. The larvae in dishes *B” 
and “C” still appeared normal, and about ten days later began to pupate, 
emerging successfully after an interval of a further five to seven days. 


Changes in the Py affecting parasitic Saprolegnia. 


Great as is the direct effect of variations in the P,, of the water in which 
mosquito larvae are living, yet there is another eflect that is of the utmost 
importance to the larvae. This is the influence that variations in the Py, 
have upon the parasitic fungi of the genus Saprolegnia and upon bacterial 
and protozoal parasites of mosquitoes. I think that it will not be an over- 


_ Statement to say that of all “natural enemies” Saprolegnia is the greatest 


enemy that mosquito larvae have. Saprolegnia is widespread, and anyone 
who has dealt with mosquito larvae will probably have found that this 
fungus has taken a heavy toll of the specimens. More than half of the 
larvae that die in the laboratory while under apparently good conditions 
are parasitized by this fungus. Saprolegnia flourishes in an acid medium, 
therefore it is rare normally to find A. maculipennis and A. bifurcatus attacked 
in the alkaline water of ponds. If, however, the water be brought to the 
laboratory, its reaction may become reversed owing to the absorption of 
CO,, or if it is intentionally made acid, it will be found usually that most of 
the larvae will die from being attacked by Saprolegnia. 

Resistance to Saprolegnia attack follows the ordinary laws governing 
disease in that if the vitality of the individual be high, infection can be 
successfully combated; if on the. other hand the environment in which the 


individual lives is unsatisfactory to its general health, infection is readily 
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acquired. For this reason, although Saprolegnia flourishes in acid water, it 
is rare that one finds Finlaya geniculata, although living in water that is 
distinctly acid, parasitized in a natural state, but if the water be rendered 
less acid by the addition of tap water or even a few drops of N/10 NaOH the 
change in the P,, adversely afiects the larvae and they are very often at once 
attacked by Saprolegnia. 

While I would not go so far as to say at present that the abnormal 
development of mosquito larvae in the laboratory is entirely due to changes 
in the hydrogen-ion exponent, it nevertheless has a profound effect upon 
the metabolism of the larvae, and their resistance to diseases which affect 
them. Moreover if their successful development is so adversely affected by 
changes in the reactions of the water in which they normally live, it may 
be possible by employing measures that will make the water of ponds 
acid, and the water of tree-holes alkaline, to find that we have yet another 
means of combating mosquito development. If so, obviously such means 
have a limited practical application, governed as they would be by the size 
of the ponds or other waters to be dealt with. 

In the meantime further investigations are proceeding. 


My thanks are due to Major H. C. Brown, C.I.E., of the Wellcome Bureau 
of Scientific Research, for much help that he has given me in the theory and 
calculations of the hydrogen exponent. 
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ON THE ZOOLOGICAL STATUS OF THE POLYMORPHIC 
MAMMALIAN TRYPANOSOMES OF AFRICA AND THEIR 


RELATION TO MAN. 


By H. LYNDHURST DUKE, O.B.E., M.D., D.T.M. & H. (Camn.). 


(Bacteriologist, Uganda Protectorate.) 
(With | Text-figure.) 
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THE polymorphic trypanosomes of mammals have commanded a considerable 
amount of attention during the last 25 years. Bruce’s classical work on Nagana 
in Zululand—conducted in 1895 and 1896—stands out as a splendid example 
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of far-seeing research into what was then an unopened chapter in Zoology. 
In this work the trypanosome was studied on the spot, its relations to its 
insect and mammalian hosts were thoroughly investigated, and the principle 
of a “natural reservoir” was clearly established. Unfortunately, however, 
the study of mammalian trypanosomes under natural conditions offers con- 
siderable difficulties, and it became necessary to transport the numerous 
strains, isolated from time to time in various parts of Africa, to European 
laboratories, where they could be kept up by animal passage and subjected 
to examination by various methods. 

In the course of years many strains of trypanosomes have been collected 
in this manner, and have been perpetuated by direct inoculation from animal 
to animal with the syringe in various European laboratories. To these strains 
various names have been applied by different observers. Numerous tests have 
been devised to aid in the differentiation of the so-called “species” into which 
they have been subdivided, and a great deal of controversy has arisen as to 
the identity of this or that strain. A great stimulus has been given to research 
on this subject owing to the circumstance that the polymorphic mammalian 
trypanosomes have a special importance as producers of disease in man 
himself, as well as in his domestic stock; and also because the susceptibility 
of laboratory animals to infection with these trypanosomes has enabled them 
to be studied under convenient laboratory conditions. Consequently, a great 
mass of literature, dealing with the various “species” of trypanosomes be- 
longing to this group, has now been accumulated. 

One of the most striking results of the European work on the polymorphic 
mammalian trypanosomes of Africa, has been the revelation that, in the 
course of years, the laboratory strains of these organisms may undergo great 
changes in morphology, in virulence, and in their immunity reactions. A 
strain of trypanosomes may thus become, after some years of laboratory 
upkeep, very different from what it was originally, when freshly isolated 
from its natural host: and this has led to the splitting up of “species” and 
consequent confusion in classification. 

A further impulse in the direction of splitting up the polymorphic group 
was supplied by the recognition in recent years of the human trypanosomiasis 
of Nyasaland. The parasite associated with this disease was said to be dis- 
tinguishable from all other trypanosomes by the possession of “posterior- 
nuclear” forms, and as T'rypanosoma rhodesiense it was duly added to the 
list of “species.” Soon afterwards, however, investigators reported the occur- 
rence of “posterior-nuclear” forms—and incidentally of “anterior-nuclear”’ 
forms and other distortions—in other “species” of polymorphic trypanosomes, 
thus adding to the general confusion. 

Until the recognition of the human trypanosome of Nyasaland, the position 
of man in relation to these protozoa offered no special difficulty. Man was 
held to be susceptible to, or capable of infection by, one species of trypanosome 
only—namely, 7. gambiense: and, accordingly, 7. gambiense was distinguished 
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from the other polymorphic mammalian trypanosomes chiefly by its power 
to survive in man. The speculations which arose concerning this trypanosome 
were mainly directed, however, towards elucidating the factors determining 
the spread of trypanosomiasis through native communities—rather than 
towards the explanation of the origin of the trypanosome itself and its rela- 
tions to allied “species.” With the appearance on the scene of 7’. rhodesiense, 
two suggestions regarding its origin were put forward. Bruce and his co- 
workers in Nyasaland, and Kinghorn and Yorke, held that the newly recog- 
nised human trypanosome was merely a race or variety of the widely dis- 
tributed 7’. brucei—a view to which I have always subscribed. The German 
investigators, on the other hand, held that 7’. brucei and T. rhodesiense were 
distinct species; and lately Taute has published interesting inoculation experi- 
ments on man which, he considers, support the German view. 

In nature the great majority of mammalian trypanosomes are transmitted 
by the agency of insects, of which the most important are the Glossinae. The 
fly can transmit the parasite from mammal to mammal by two methods, 
namely (a) the direct, and (6) the indirect or cyclical. Direct transmission 
consists in the mechanical transference of essentially unaltered trypanosomes 
from host to host; and it may occur when a fly is disturbed in the act of feeding, 
and completes its meal—within a sufficiently short time—on an adjacent 
animal, Cyclical transmission, on the other hand, involves complicated de- 
velopmental changes of the trypanosome inside the fly; and during the earlier 
stages of this development the insect is not capable of transmitting the 
parasite to another mammal—.e., it is not infective. 

There is now experimental evidence to show that cyclical development 
in the fly exerts a steadying influence on the trypanosome, checking tendencies 
towards variation and keeping it true to type. Moreover, there is every reason 
to believe that, under undisturbed natural conditions, the cyclical is by far 
the commoner and more normal method of transmission, in the case of the 
great majority of the mammalian trypanosomes of Africa. 

It thus seems clear that the continued maintenance of a strain of try- 
panosomes by direct inoculation with the syringe, under unnatural climatic 
conditions and in hosts which are very different from those of their natural 
environment, tends to encourage the development, in course of time, of 
varieties or races differing from the original type. Such artificially propagated 
strains may, and probably do, lose their power to survive in their normal 
insect intermediary—the very power, that is to say, which is necessary for 
their survival and perpetuation in nature. Moreover, it is clear that these 
artificially produced “strains” cannot be regarded as “species” in the orthodox 
zoological sense of the term. Zoologists are agreed that “good” species are 
characterised by their morphological—not merely physiological—peculiarities. 
If two organisms are structurally identical, at all stages in development, they 
belong to the same species. But if they display—in addition to such structural 
identity—differences which are confined to certain physiological features, then 
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the two organisms are, from the systematic standpoint, “races,” “strains,” 
or “varieties” of a single species. Consequently it appears evident that the 
polymorphic mammalian trypanosomes of Africa should properly be regarded 
as constituting a single species, which is divisible into a number of more or 
less distinct strains or varieties. These strains cannot properly be termed 
“species,” for they do not display those constant morphological differences 
from one another on which the zoological conception of a “species’ is based. 

Now the artificial propagation of trypanosomes has demonstrated that, 
under laboratory conditions, the species or strains tend to split up into sub- 
sidiary strains; and these may, if the conditions are kept constant, acquire 
a certain fixity in the course of time. Nevertheless their physiological peculi- 
arities, acquired in this manner, obviously cannot be regarded as characters 
which are distinctive of the species from which they were originally derived. 
We are not justified, for example, in using the immunity reactions of laboratory- 
bred trypanosomes as criteria for their specific determination. We cannot 
maintain that the immunological characters of a strain of “7. brucei” which 
has been kept for ten years in laboratory animals, under artificial conditions, 
are the standard to which all strains of the species 7. brucei must conform. 
We know, indeed, that many of our freshly isolated strains of 7’. brucei— 
using the name in its historic and valid zoological senses—would not pass 
such a test of “specificity.” 

But if the splitting of a species of trypanosome into strains or races can 
and does occur in the laboratory, then we have some justification for supposing 
that similar splitting may have occurred, and may still occur, in nature— 
especially if unusual conditions, comparable with those of the laboratory, 
are brought into operation. We should expect, from our laboratory experience, 
that if a trypanosome, which normally inhabits one host, were transplanted 
into a strange host for many successive generations, then it would undergo 
modification in some of its physiological characters. Or again, if, in some 
way, direct transmission by the fly were substituted for cyclical transmission, 
we should expect to find the trypanosomes undergoing changes similar to 
those which attend their artificial propagation by the syringe. There is already 
some evidence that such a natural evolution of races has occurred and is still 
occurring in the case of the polymorphic mammalian trypanosomes of Africa. 
The evidence, both direct and indirect, appears to point clearly to the con- 
clusion that all these trypanosomes form a single species, divisible into a 
number of physiological races—some of which have arisen under natural con- 
ditions, others under the artificial conditions of the laboratory: and there 
appears, on the other hand, to be no good reason for supposing that the 
so-called “species” into which these trypanosomes have been subdivided by 
various laboratory workers are true species in the zoological sense. This, very 
briefly, is the thesis in support of which the following lines are written. 

I shall now submit further evidence bearing upon this problem. The 
evidence presented is all indirect, and includes (1) an examination of the 
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infectivity of wild lake-shore Glossina palpalis and antelope; (2) an investi- 
gation of the transmissibility of trypanosomes by laboratory-bred G. palpalis, 
by both direct and cyclical methods; and (3) a study of the effects of different 
diets on the development of trypanosomes in these laboratory-bred flies. The 
observations and experiments appear to confirm the conclusions that the 
polymorphic mammalian trypanosomes of Africa are derivatives of a single 
species spread over the continent, and that they owe their present differences, 
great and small, largely to the influence of the mammal upon which, in the 
course of time, natural conditions have made them dependent as their main 
blood-host. Further discussion of the general problem will be attempted 
in the concluding section. 

In addition to actual experiments, certain extracts from the literature 
relevant to the points at issue, and such reflections and conclusions as have 
arisen from the consideration of the available facts, will be submitted from 
time to time. 

It is to he hoped that the interpretations here advanced will be received 
in the sense in which they are offered—-not as dogmatic conclusions, but as 
tentative explanations conducive to further research and experiment along 
practical lines. A theory insusceptible of proof does not serve any useful end 
in dealing with a problem of such practical importance as the true relationship 
of the trypanosomes to man. The views put forward below may not be new, 
but, at any rate, they have not yet been presented with sufficient force to call 
forth decisive experiments. 

At the present time, under the control of Mr Fiske, an organisation is 
being established in Uganda to recover the long-suspended economic values 
of the fly-zone by a careful scheme of repopulation. This scheme is based on 
the assumption that, provided the contact between fly and man be not 
intimate, there is no danger of a recurrence of human trypanosomiasis in 
epidemic form. 

The fly and antelope on the Islands, where this scheme is being introduced, 
are still carrying trypanosomes apparently specifically identical with those 
described by workers in Uganda since 1909, and presumed to be 7’. gambiense. 
A certain number of natives, canoemen and fishermen, licensed and un- 
licensed, have, during the last 12 years, been extensively exposed to fly bite 
in the prohibited area. With the possible exception of two cases, no evidence 
of trypanosomiasis has been detected in any of them, and it is not absolutely 
certain that the two cases referred to had not visited the Mpologoma region, 
where an independent endemic form of the disease has existed for many years, 
separated from the Victoria Nyanza fly areas by a considerable extent of 
palpalis free country. As will be seen below, there is recent evidence that 
the trypanosome strains of to-day, in some places at least, are showing 
characters not before recognised in this fly zone. From the standpoint of the 
laboratory worker the point of practical importance is to determine as far 
as possible the effect, if any, of a prolonged sojourn in ruminants on these 
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lake-shore trypanosomes, with the object of settling their relationship to man. 
Such investigations are necessarily prolonged and indirect. The decisive ex- 
periment of Taute is not possible under British rule. It has been deemed 
advisable to publish the indications that may emerge from experiments as 
they occur, and the present paper covers the period from late 1919 to April 
1921. It must be pointed out that this fly and trypanosome work, which at 
Mpumu received my undivided attention, has been carried out at Entebbe 
in conjunction with the routine work of the laboratory, and other investiga- 
tions; and this circumstance is my excuse for some of its evident shortcomings. 

I wish to express my gratitude to Prof. Clifford Dobell, F.R.S. for valuable 
suggestions as to the arrangement of this paper, and to Capt. R. L. Sheppard, 
Librarian to the Tropical Diseases Bureau, who most kindly checked and 
completed the list of References. 


PART I. REFLECTIONS ON THE AETIOLOGY OF THE 
UGANDA EPIDEMIC. 


(a) Lack of definite evidence of the occurrence of human trypanosomiasis 
in Uganda lake-shore fly areas before the epidemic. 


The distribution and affinities of the polymorphic organism on the island 
and mainland shores of Lake Victoria before, during, and after the epidemic 
are of extraordinary interest. A perusal of Koch’s reports of his inspection 
of the Mwanza and Shirati districts in 1906-7, reveals the existence in 1907 
of what is described as an endemic focus of trypanosomiasis, among natives 
who had never left the district, in the isolated village of Mohurru, to the 
north of Shirati (Koch, 1906). It is not quite clear whether the word endemic 
in this connection can be taken to mean a pre-existing focus of long standing 
and quite independent of the well-known extension from east to west round 
the shores of the lake. 

Again, in a report from the Medical Officer of Health at Kisumu, Dr 
de Boer, dated 13 December, 1920, describing the occurrence of human 
trypanosomiasis at Nyakatch near Kisumu, it is stated that the disease had 
been present in Nyakatch for some 15 years and had spread from Kadimu, 
where it had existed for a very long time. The cases brought to Kisumu were 
in an advanced stage of the disease. 

Such references suggest that human trypanosomiasis existed in pre- 
epidemic days along the shores of Lake Victoria. Sir Apolo Kagwa, the 
Prime Minister of Uganda, has very kindly made exhaustive enquiries for 
me in the Native Parliament and elsewhere regarding the diseases occurring 
in Sesse and Buganda before the onset of the epidemic. One result of these 
enquiries is that I must correct the statement made in 1919 (Duke, 1919 b) 
that the existence of the word “mongota” in the Buganda language is of 
itself evidence that an identical or similar disease existed previous to the 
recognition of sleeping sickness in 1901. The statement was that “there is 
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no evidence that the word was coined to fit a previously unknown complaint.” 
This is misleading, as the verb “okumongota,” meaning to “nod with sleep” 
did exist, and the derivative “mongota” was applied to the disease because 
of its most striking symptom. 

It appears that two diseases, known respectively as Buko and Kasumagidzi 
occurred in Buganda Kingdom, but not in Sesse, before the epidemic. Sir 
Apolo, who of course saw the drift of the questioning, volunteered the remark 
that a man suffering from Buko seen to-day would be called a case of “mon- 
gota.” The two diseases were uncommon, especially the latter, and might or 
might not prove fatal. They were characterised by swellings, especially of 
the face and neck, great appetite, and drowsiness. 

I enquired of Dr Cook at Kampala, whose great experience of native 
diseases is well known, as to whether he had met with these two complaints 
in his wide practice. He informed me that although he had not actually 
encountered them, he was familiar with the name Buko, which, it appears, 
is the name applied to certain obscure symptoms which the natives say 
develop as the result of marrying within the prohibited degrees. The other 
disease, according to native information, results from eating a certain small 
bird whose characteristic nodding movements are imposed on the unfortunate 
in whose food an enemy has secretly placed the forbidden flesh. Both diseases 
are rarer to-day than formerly: they were not in any way associated with 
residence in tsetse areas, but are rather relics of the superstitions of former 
days. 

The old Basesse questioned were unanimous that no such disease as typical 
“mongota” occurred on the Islands before the epidemic. They described a 
“fever” which was distinct from spirochaete fever and which lasted for 
varying periods—sometimes a few days, sometimes a month or more. Under 
this heading cases of mild trypanosomiasis might have been grouped. This 
is, however, pure speculation. 

A very interesting fact that has come to light during the course of these 
enquiries is that at the time of the onset of the great outbreak in Busoga, 
which coincided with a terrible famine in that country, the Basoga sold their 
children up to 12 or 16 years of age to the Baganda and the Basesse in exchange 
for food. As a result, many Basoga actually died in Buganda and Sesse of 
the new disease which eventually worked such havoc in these two countries. 

At the same time, too, natives returning from the great safari! of the 
European trader “ Binywera”’ who went to E. Africa overland round the north- 
eastern corner of the lake, came home to their as yet uninfected villages to 
die of this strange disease. The readiness with which my informants, after 
a few moments’ thought, could name the first case which occurred in their 
own village was most striking, and equally so was the frequency with which 
this case proved to be either a Muscga slave or a porter from the big safari. 
The number of Uganda natives originally included in this great safari amounted 
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to about 6000, of whom very many came from Sesse and the lake-shore region. 
A very large number died en route. 


(b) Acute type of the disease in the early days of the epidemic. 


A perusal of the early Uganda reports (Greig, 1905) reveals the rapid 
course of the disease in many of the cases examined during the early days of 
the epidemic, although some patients, such as Kamsasabba, lived for several 
years. It is to be noticed that at the time of admission most of these acute 
cases had trypanosomes in their cerebrospinal fluid, though the parasites 
were not so frequently seen in the blood. Post mortem, the body was often 
not emaciated. The patient’s account of his symptoms usually included 
headache and general limb pains. In cases 69 GT, a male of 16 years, and 
69 FV, a male of 12 years, the disease lasted about six weeks and 3} months 
respectively. Case ZM 69 male of 55 years, is described on admission as 
“appears to be in early stage” on 6. vii. 1904, but he died on 22. viii. 1904. 
His body was not emaciated. He said he had been ill for three months before 
admission, and this makes the total course about 43 months. 

Enquiries among old Basesse who lived through the epidemic on the 
Islands all point to the disease having been very acute in the early days, the 
limits given being 14 days to 6 months from the time it was first noticed in 
the sick person. Those lived longest who suffered at the same time from other 
diseases such as chronic gonorrhoea. This last statement is interesting, as it 
was volunteered spontaneously and not in response to a leading question. 

The virulent nature of the disease in some of these early Uganda cases 
is thus different from what is ordinarily expected with 7. gambiense in African 
natives. 


(c) Direct-transmission hypothesis as an explanation of the 
virulence of the epidemic. 


In a paper published in 1919 (Duke, 1919 6) a hypothesis was advanced 
to account for the extraordinary wave of virulent trypanosomiasis which 
constituted the Uganda epidemic. The contention was that, given a certain 
degree of contact between G. palpalis and man, direct as opposed to cyclical 
transmission might lead to the development of a strain of enhanced virulence 
which would persist until it automatically died out with the removal, by 
death or other causes, of the degree of contact necessary for its propagation. 
Such a strain when cyclically transmitted, might present a very different 
degree of virulence. Attention was directed to the drop in the annual death-rate 
per thousand in the fly area, a drop which had commenced before any de- 
population measures were started. To-day we have a flourishing and, according 
to all accounts, an increasing population along the lake-shore of British East 
Africa, where no organised measures for depopulation or segregation were 
taken. The East African coast line suffered very severely in the epidemic. 
The Germans instituted limited deforestation measures combined with segre- 
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gation of the sick, and in their territory also, both east and west, the disease 
died down to a practically negligible factor in the death-rate of the Colony. 
The direct-transmission hypothesis accounts both for the origin and for the 
dying down of the virulent form of trypanosomiasis in these at one time 
populous areas. 

A possible factor in the reduction of that broad contact between fly and 
man which this hypothesis invokes as the essential factor in the epidemic, 
is afforded by the high lake level of 1906. The effect of the high water of 1917 
on the density of the fly was most conspicuous, and led to a definite reduction 
in their numbers on most of the well-known fly-shores visited by me early 
in 1918. At the time of my visit the water had again begun to fall, and when 
Carpenter visited these parts some months later he found but little if any 
diminution in the fly density. That a considerable reduction did occur, how- 
ever, there is not the slightest doubt. 

Now in Koch’s reports (Koch, 1906-07) there occur two interesting ob- 
servations. Speaking of the distribution of the fly round Mwanza in 1906 
he says “The harbour proper of Mwanza is free from Tsetse. This is not in 
agreement with Feldmann, who claims to have found them especially in the 
harbour. This contradiction is possibly due to the lake being 1} metres higher 
than in previous years.” Again, referring to certain women at Kisiba who, 
in contrast with all the other infected people at that place, had never visited 
the Uganda fly areas, he says that all attempts to find @. palpalis in the 
places visited by these women failed, the search being made more difficult 
on account of the high water. These two references are supported by the 
chart of the lake levels since these were first recorded (Duke, 1919 a). The 
levels of 1906 and 1917 were just about the same; and from analogy alone, 
we can presume that there was a definite diminution in the numbers of the 
fly at the time of Koch’s visit—a diminution varying in degree in different 
localities according to the steepness of the shore-line. 

This factor, however, can hardly have played any essential part in the 
diminution in virulence of the epidemic in Buvuma; for, as the death returns 
indicate, this diminution began in 1903, when the lake level was not high, 
while in Sesse the change was already noticeable in 1905, 


(d) Réle of. cyclically-infected flies in the spread of the epidemic. 


The part played by cyclically-infected flies in the spread of the epidemic 
is not at all clear. Only a very small number of G. palpalis seem capable of 
sustaining full cyclical development of the parasite, even under the most 
favourable conditions for picking up trypanosomes. The only available in- 
formation on the infectivity-rate under the conditions prevailing during the 
epidemic, are the Entebbe figures given below (cf. Part II, sec. (a)). This 
point is of great importance, and, unfortunately, the number of flies used is 
small, 
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A cyclically-infected fly has only to plunge its proboscis into its victim 
to bring about infection, and in this way the intimate contact between the 
insect and man demanded by the direct-transmission theory would be favour- 
able to the spread of trypanosomes by cyclically-infected flies. On the other 
hand, full feeding is presumably favourable to the establishment of trypano- 
somes in the fly, and in this respect conditions favouring direct transmission 
are against a high rate of cyclical infectivity. 

We have no data on the degree to which G. palpalis depended on man 
for blood in the old days in Uganda, and for even a 0-3 per cent. infectivity 
rate to be alone responsible for the terrible death roll of the epidemic, this 
dependence must have been very intimate. 

Another factor is the effect of cyclical development on the parasite. It 
is generally held that the processes involved in this phenomenon serve as a 
kind of filter through which secondary variations of the trypanosome cannot 
pass. In other words, we should expect that individual variations in virulence 
would be steadied down by passage through the fly, at any rate until the 
characteristic had become firmly established in the course of generations of 
selection. The extreme virulence of the epidemic in the early days thus seems 
to require some additional explanation, over and above the part assignable 
to cyclically-infected flies. 

The most commonly advanced explanation of the origin of the Uganda 
epidemic seems to be the introduction of trypanosomes from outside, rather 
than the sudden acquisition of increased virulence by a previously existing 
organism. 

Whatever the origin, the two factors which challenge our attention are 
the remarkable outburst and spread of a virulent disease and its equally re- 
markable dying down, which was first manifested by the death-returns, years 
before any steps were taken to remove the populations. Nature adjusted 
matters for British East Africa where the populations have been increasing 
for years, but where cases of chronic trypanosomiasis are still to be found. 

The direct-transmission hypothesis supposes the development of a strain 
of enhanced virulence as the result of continued transmission unaccompanied 
by the stabilizing influence of cyclical development in Glossina. As a means 
of spread the direct method is more rapid than the normal one, as the trypano- 
some makes less demand on the tsetse. Removal of the intimate contact 
between fly and man necessary for the free operation of direct transmission, 
would lead to the disappearance of this hypothetical virulent strain. 

As will be seen below it is probable that direct transmission depends for 
its success on the presence of trypanosomes in fair numbers in the blood, and 
this phenomenon is usually a manifestation of a virulent disease which will 
thus be especially suited to this method of propagation. Chronic disease, on 
the other hand, with few parasites in the blood, will not lend itself to direct 
transmission; but, if we may judge by analogy with antelope infections, 
such cases may be well suited to cyclical development in the fly. 
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Mosquitoes, etc. Whether or not mosquitoes played a part in the spread of 
human trypanosomes in Uganda we do not know. The French observers 
attach considerable importance to their intervention in the transmission of 
sleeping sickness in the Congo. 

On many of the islands culicine mosquitoes are very common. Bagshawe 
has shown, however, that the probabilities are against this factor having been ' 
of importance in Uganda; and the absence of any instance of direct trans- 
mission by insects other than Glossinae in the community of infected and 
healthy monkeys at the Entebbe laboratory—which presents a very fair 
experimental parallel to the conditions in an infected village, as far as mosquito 
and Stomoxys carriers are concerned—is of interest in this respect. 


PART II. INFECTIVITY OF WILD LAKE-SHORE FLIES, 1920-21. 


The early Sleeping Sickness Commissions of the Royal Society in Uganda 
established the fact that freshly caught wild lake-shore G. palpalis, fed upon 
clean monkeys, infected the monkeys with a trypanosome indistinguishable 
from the organism responsible for the human disease. Since that time various 
observers have shown that the flies have maintained their infectivity in spite 
of the wholesale removal of human beings from their reach. 

The following section deals with the infectivity of the wild G. palpalis on 
Victoria Nyanza, past and present, as manifested by feeding experiments 
and, more accurately, by actual dissection. 

f A brief reference is made to the infectivity of wild G. morsitans in Uganda 

and Nyasaland. 

In these experiments atvention has been devoted more especially to the 
polymorphic trypanosome which utilises the gut and salivary glands of the 
fly. In the feeding experiments the incubation period in the monkey is 
reckoned as seven days, and any flies which may have been fed on the monkey 
during this period are ignored in making the count. It is assumed that only 
one infective fly occurs in each positive experiment. 

A résumé of previous experiments on the lake-shore infectivity in Uganda 
is given for comparison. It must be remembered that in these earlier experi- 
ments there was no question as to the identity of the trypanosomes obtained 
with 7. gambiense. 


(a) Feeding experiments with wild flies, 


(a) Entebbe shore. May-July, 1903. Natives present, infected 1 in 3 or 5. No antelope. 
(First R.S. Commission. ) 


Total flies fed... 989-1360* 
Number of infections ... 
Percentage of infective flies... 0-30-0-22. 


* In these experiments the monkeys were only examined at intervals of seven days. As 
batches of flies were being fed daily it is, therefore, impossible to estimate accurately the number 
responsible for each infection. 
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(6) Entebbe shore. Sept.-Nov. 1903. No natives. No antelope. (First R.S. Commission.) 
Total flies fed... 1421 
Number of infections ... 
Percentage of infective flies ... 0-07. 


(c) Entebbe shore. June—Sept. 1904. No natives. No antelope. (First R.S. Commission.) 


Total flies fed... 2299 
Number of infections ... 


Percentage of infective flies ... 0-00. 


(d) Mainland. Nov. 1909-July 1910. (Bruce’s Commission. ) 


Total flies fed... 28274 
Number of infections ... 


Percentage of infective flies ... 0-06. 


(e) Mainland. Aug. 1910—Feb. 1911. (Fraser and Duke.) 
Total flies fed... 51078 
Number of infections ... ae 


Percentage of infective flies... 0-09. 


(f) Mainland. Jan. 1920-Jan. 1921. 


Total flies fed... .. 6441 
Number of infections ... 


Percentage of infective flies ... 0-03. 


(gy) Damba Island. Jan.—June, 1910. (Bruce’s Commission.) 
Total flies fed... 6356 
Number of infections ... ae 
Percentage of infective flies ... 0-03. 
(4) Damba Island. May, 1911. (Carpenter.) 
Total flies fed... §=885 
Number of infections ... cin 
Percentage of infective flies... 
(¢) Damba Island, Sept.—Dec. 1920. 
Total flies fed... =e 


Number of infections ... 
Percentage of infected flies ... 0-08 
(j) Sesse Islands: Bugalla and Kome. Late 1911 and early 1912. (Carpenter.) 
Total flies fed... 12000 
Number of infections ... vs 


Percentage of infective flies ... 0-06. 


(4) Sesse Islands: Nsadzi and Kimmi, before arrival of antelope. 1910-1911. (Fraser and 
Duke.) 
Total flies fed... 14209 


Number of infections ... a 
Percentage of infective flies ... 0-00. 


(!) Sesse Islands: Nsadzi and Kimmi, after arrival of antelope. May-July, 1914. (Carpenter.) 


Total number of flies fed os aoe 
Number of infections ... 


Percentage of infective flies ... 0-04. 


The highest infectivity rate in these experiments is that obtained when a 
heavily infected native population was living in the fly zone at Entebbe in 
1903, but in these experiments, as only flies which obviously contained blood 
were counted as having fed, it is probable that the percentages are too high. 
Since that time the infectivity level has remained remarkably constant. On 
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Damba the percentage is just a little higher than formerly, but the totals 
are too small to warrant any conclusion. 

The effect of the settlement of antelope on an island previously free from 
these animals and carrying only hippopotamus, reptiles, otters, and birds is 
well shown by the two Nsadzi experiments (/) and ((). 

The small number of flies infected with the polymorphic organism is 
striking, and should be compared with the figures obtained with laboratory- 
bred flies set forth in Section V. 


(b) Dissections of wild flies. 


Mainland. Nov.—Dec. 1920. Proboscis, glands, and gut examined. 


Total dissected ... 299 (3 184, 2 115) 
Flagellates in gut only 28 te. 93 % 20, 8) 
proboscis or glands... 0 
Zinga Island, near the mainland. Dec. 1920. 
Total dissected 48 (3 10, 238) 
Flagellates in gut only 10 208% 
proboscis or glands... 
Sesse Islands other than Damba. Dec. 1920. 
Total dissected 807 263, 9 44) 
Flagellates in gut only 15 4:8 % 14, 2 1) 
proboscis 3 4.009% 
gut and glands 0 
Damba Island. Sept. 1920. Gut and glands only dissected. 
Total dissected 490 (3 423, 2 67) 
Flagellates in gut only = pi 0 


Of these flies all save 183 had fed over-night on a clean monkey. 


Damba Island. Dec. 1920. Gut and proboscis dissected, glands examined only if any 
flagellates seen. 


Total dissected 695 

Total containing flagellates ... % 
In gut only... 2 i.e. 0-28 % 
In proboscis only 27 46.38% 
In gut and glands 1 i.e. 0-14 %* 


* The monkey fed upon by this fly became infected. 
Of the above flies all save 117 had fed over-night on a monkey. 
Total percentages for Damba Island: 1185 flies. 


Gut only... oe O16% 
Gut and glands... 0-08 % 


In the dissections, as with the fly-feeding experiments, the main object 
was to determine the proportion of flies infected with the polymorphic 
trypanosome. Proboscis infections give an additional indication of the extent 
to which the flies feed on antelope. 

All the infected proboscides showed flagellates in the hypopharynx, and 
usually a few loose in the labrum. In four flies there were big fixed clusters 
in the labrum. 
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Of the gut-only infections a certain number were due to 7. grayi, but all 
the positive flies were not examined in stained preparations. 

Infectivity data obtained by dissection are, of course, more exact than 
those from fly-feeding experiments. It is interesting, however, to note that 
the same figure for the infectivity of wild Damba flies in 1920 is obtained 
by fly-feedings as by dissection, 7.e. 0-08 per cent. 

The observations set forth in subsections (a) and (b) show that the in- 
fectivity of the wild G. palpalis of the Uganda lake-shore to the polymorphic 
trypanosome has remained remarkably constant throughout the last 12 years. 


(c) G. morsitans dissections in Uganda and Nyasaland. 
The following figures were obtained by the dissection of G. morsilans in 


the Northern Province and are given for comparison (Duke, 1916) 


Total dissected os 

Flagellates in proboscis only 
proboscis and gut... 31% 
gut only ow 196% 
gut and glands O17% 


In Nyasaland the Commission working with G. morsitans found the flies 
infected as follows (Bruce, 1914 6): 


1912—Total dissected 1975 
Flagellates in gut and glands oe O1% 

1913—Total dissected 1060 
Flagellates in gut and glands -- 000% 


The infectivity with the polymorphic trypanosome, as revealed by fly feedings 
in the Northern Province and Nyasaland respectively, was 0-59 per cent. 
and 0-2 per cent. 


(d) The trypanosomes of palpalis regions in Uganda and elsewhere. 


The absence of the nanum-pecorum group of trypanosomes from the wild 
fly of the Uganda lake-shore is remarkable. In the course of dissections made 
in the inland districts of the Protectorate, 7’. nanuwm was detected in 1-4 per 
cent. of 713 palpalis dissected from the Northern Province, but was not 
found in 477 flies from the Western Province (Duke, 1913 d). At Mpumu 
T’. nanum was transmitted by laboratory-bred flies, but both this trypanosome 
and its near ally 7. pecorum seemed to find great difficulty in developing in 
this tsetse (Duke, 1912 a, and Fraser, 1912). It is almost certain that these 
trypanosomes were introduced into Sesse in cattle in the old days, together 
with 7. brucei. After the raids of 1895 into Bukedi, cattle from this morsitans 
area reached the islands; the trypanosomes have, however, not established 
themselves. Proboscis-only infections amounted to 3-0 per cent. in the 
Northern Province fly but were not seen in flies from the Western Province. 

No trypanosomes of the polymorphic group were obtained from 1333 
palpalis tested by feeding in the Northern Province. In the Western Province, 
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507 palpalis caught on the now uninhabited shores of Lake Kiraro near 
Lake George, infected a clean monkey with a trypanosome of the brucei 
group. There is a possibility that a few pallidipes may have been included 
in these flies from Kiraro, where game of many kinds is very common. I hope 
to revisit this locality and settle the important point whether palpalis is here 
carrying a brucei-like organism. 

Palpalis regions elsewhere in Africa are characterised by similar trypano- 
somes, and often, in addition, by the human parasite 7. gambiense. The 
strains isolated by Dutton and Todd in the Congo from game and stock 
doubtless included representatives of all three groups, although these ob- 
servers held that only one species was present. In those days the term 
T. dimorphon seems to have included several different species, including 
doubtless 7. uwniforme and the nanum-pecorum group. 

The reactions of the polymorphic trypanosomes recovered by Dutton and 
Todd from game and stock were of the chronic gambiense type; they were 
held by these observers to be identical with 7. dimorphon (Dutton, 1907). 

In Principe, where palpalis occurred under unique conditions, the same 
organisms were recovered from fly and cattle, and here again the repre- 
sentative of the polymorphic group gave the laboratory reactions of 7’. gam- 
biense (Da Costa, 1916). 

In Uganda, therefore, the trypanosomes most commonly carried by 
G. palpalis are T. vivax, T. uniforme and the polymorphic organism referred 
to throughout this paper. Broadly speaking, where 7’. brucei or T. pecaudi 
are found in palpalis areas in Africa another tsetse species will be found to 
occur in that area. As will be seen later there appears to be an important 
exception, the significance of which will be discussed later on. Trypanosomes 
of the nanum-pecorum-congolense type occur in the palpalis of certain inland 
areas, but not of Lake Victoria. 


PART Ill. ANIMAL REACTIONS OF THE UGANDA LAKE-SHORE 
POLYMORPHIC TRYPANOSOMES. 

An important difference between freshly isolated strains of 7. gambiense 
and of 7’. brucei has always been the relative chronicity of the former in 
laboratory animals. 

In this section the animal reactions of the present-day lake-shore trypano- 
somes of Uganda are considered, the organisms being grouped according to 
their provenance into wild-fly, human, and antelope strains. 

In the subjoined tables M, 8, D, P and R stand for monkey, sheep, dog, 
guinea-pig and rabbit respectively. No rats were available. 


(a) Wild-fly strain, Mainland. 


This strain was recovered from wild lake-shore flies from the mainland 
near Entebbe. The reactions in monkeys are shown in Table I. 
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Table I. 
Animal 
and ex- ‘Strain of infecting trypanosome: Duration 
periment number in direct of disease 
number transmission series in days 
M 43 Wild flies 63 
M 59 Cycle by lab.-bred flies from M 43 409 
M 63 Ist passage, direct transmission 79 
M 72 Ist , 77 
M 88 2nd Alive after 
449 
M 93 3rd 47 
M 98 Alive after 
430 
M107 4th ” 140 
Mill Sth ,, 90 
M117 6th ,, 125 
M 124 2nd ,, 91 
M 142 th ,, 99 Alive after 
333 
M 132 8th _,, 254 
M140 9th. 94 
M 147 10th ” 92 
M 161 11th passage by blood inoculation Alive after 
225 
M 139 = 3rd passage: cycle, lab.-breds off 88 31 
M 160 4th passage, direct transmission from Alive after 
‘ 346 
M 164 5th passage, direct transmission from Alive after 
160 298 
M 169 12th passage: cycle, lab.-breds off 161 74 
286 Inoculated from M 88 
D 281 » M59 31 
D 282 40 
P 277 » Alive after 
P 278 Alive after 
122 
P 244 Pe » MSY Alive after 
117 
P 245 ” ” ” Alive after 
117 
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Remarks 
Medium sized animal 
* Nakabugo”’ species 
Large animal 


Thin but active: still shows T.’s; 
large animal 

Poor conditioned animal 

Thin but active: still shows T.’s; 
medium size 

Medium size 


” 
Large size 
Medium size 


Well-nourished, seemed well day 
before death; medium size 


Medium size 
Medium size: since dead 


Small, ill-nourished; T.’s + + + 
throughout disease 
Small size 


Medium size 


Nakabugo”™ species 


Corneal opacity after 14 days. Few 
posterior-nuclear forms seen on 
penultimate day of disease 


Corneal opacity after 14 days 


Posterior-nuclear forms present 


” ” ” 


Posterior-nuclear forms rare: since 
dead 

Posterior-nuclear forms rare: since 
dead 


The average duration of the disease in 12 completed monkey experiments 
with the common green species was 216 days. None of the monkeys showed 
any marked symptoms, and somnolence was only noticeable in the very late 
stages. 

The white-nosed Cercopithecus, known locally as “nakabugo,” is much 
less robust in captivity than the green monkey; in infected monkeys of this 
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species somnolence was a much more pronounced symptom, and commenced 
earlier in the disease. Unless otherwise stated all the monkeys quoted in these 
tables are the black-faced green-coated Cercopithecus sp. The sheep were the 
local native fat-tailed variety. 

The average duration in two dogs was 35 days. 


Table Ll. Wild-fly strain, Damba Island. 


Animal 

and ex- Duration 

periment of disease 

number = Strain of trypanosome in days Remarks 

M Damba flies direct 30 No facial oedemas 

M 208 133 emaciation marked 

M 209 ” 92 ” 

M 272 ~~ Inoculated trom 207 82 Emaciated. For 10 days of the disease 
showed cloudiness of both corneae 
which advanced to total blindness 
and then slowly cleared again. This 
symptom never before noted in 
Ugan 

P 240 Inoculated from 207 56 Posterior-nuclear forms seen 

P 241 Alive after 


158 


Average duration of disease in four completed monkey experiments was 
84 days. 


(b) Examination of situtunga (Tragelaphus spekei) on the Sesse Islands. 


In November 1919 defibrinated blood of 12 situtunga was inoculated into 
clean monkeys without any trypanosomes being recovered. The animals were 
shot mostly on Bugalla Island, the largest of the Sesse group, where the 
clearing of the fly-shore brought about by the feeding of innumerable antelope 
is most marked. Slides from one of these animals showed 7. vivax. None 
of these antelope was shot on Damba. 

In September 1920 two monkeys were inoculated, each with the citrated 
or defibrinated blood of six situtunga shot on Damba Island. Of these five 
were young animals. One of the monkeys remained negative to daily ex- 
amination for six weeks. The other, nine days after the first inoculation, 
showed in its blood the polymorphic trypanosome which is referred to 
throughout this paper as the 1920 antelope strain. 

The reactions of this antelope strain will now be discussed. 
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(c) Damba antelope strain, 1920. 


Table LI. 
Animal 

and ex- Duration 

periment of disease 

number Origin of trypanosomes in days Remarks 

M173 Original antelope injection 66 Medium size: puffy eyelids 

M 171 Inoculated from M 173 38 

M 197 o M 171 38 Large size: puffy eyelids 

M 227 P 198 81 

M 122 ~~ Cycle, lab.-breds off M 173 44 Medium size 

M 194 RA re M 173 56 Small size 

M 250 es a M 227 31 Medium size: puffy eyelids 

M 219 D 232 42 

M 275 a a D 232 78 Medium size: female with young at breast. 
Slight puffy eyelids 

M 221 pe ‘~ M 227 56 Medium size 

P 198 Inoculated from M 171 47 No obvious external symptoms 

P 231 P 198 36 

D 232 “” re P 198 25 Corneal opacity late in disease 

D 273 . = M 227 25 Corneal opacity early symptom 

D 295 M 227 1s 

D 296 M 219 21 

R 176 i me M 173 34 Facial oedema: purulent blepharitis 

R 177 M 173 37 

R 199 ‘ ie M171 28 Facial oedema: purulent blepharitis; received 
1-75 c.c. human serum half an hour before 
trypanosome injection 

R 200 sg i M17l 42 Facial oedema: purulent blepharitis 

R 270 M 227 58 Head oedema: blepharitis 

R 2704 * ne M 227 22 Slight head oedema: no blepharitis 

S 283 M 227 45 

S 284 M 227 37 

8S 285 Infected by positive fly exp. 61 

In monkeys the disease was characterised by puffiness of the upper and 


lower eyelids which was noticeable quite early in the disease. Emaciation 
was fairly rapid. No corneal changes were noted, but there was some photo- 
phobia. In no case were posterior-nuclear forms seen in the infected monkeys. 
The average duration for 10 completed monkey experiments was 53 days. 

In guinea-pigs there were no obvious symptoms; posterior-nuclear forms 
were common. Average duration 41 days. 

In dogs the disease was characterised by rapid emaciation and the early 
onset of cloudiness of the cornea, which led to complete blindness. Prolonged 
search in slides taken late in the disease revealed very rare posterior-nuclear 
forms in D 295. Average duration 22 days. 

In rabbits the usual symptoms of head oedema and blepharitis occurred: 
no posterior-nuclear forms were seen. Average duration 33 days. 

In sheep (three experiments) the average duration was 48 days. 
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The acute nature of the disease in dogs characterises all the strains, 
being most marked with the antelope strain both as regards the rapidity 
of the disease and the early onset of the corneal symptoms. 

The behaviour of the human strain is, however, very different. In monkeys 
the incubation period is prolonged and trypanosomes are always rare in the 
blood. Four attempts to infect guinea-pigs, and two inoculations of rabbits 
failed to produce infection. 

Baboons, incidentally, appear to be immune to both strains; laboratory- 
bred flies, proved to be infective before and after, carrying the human and 
wild-fly strains, were fed on baboons without any sign of infection resulting 
in either case. Both animals were examined by daily blood examination of 
stained thick and of fresh films, and, in the case of the human strain, by 
sub-inoculation. 

When first isolated in the original monkey (M 173) this 1920 antelope strain 
appeared to be characterised by peculiar movements, distinct from those of 
the mainland wild-fly strain. The long forms showed a definite translatory 
movement, progressing in a steady snake-like manner across the field. Sub- 
sequent investigation has, however, shown that while this movement is more 
often seen with the antelope strain, it is also exhibited by the wild-fly strains 
in various animals. 


(d) Posterior-nuclear forms. 


The appearance of definite posterior-nuclear forms in guinea-pigs inocu- 
lated with these strains is of considerable interest. Such forms have not been 
hitherto described from the Uganda lake-shore fly area, though Blacklock 
found them in a European strain of the Uganda 7. brucei, which, however, 
did not emanate from the lake-shore fly zone (Blacklock, 1912). 

These forms were most numerous in guinea-pigs infected with the Damba 
antelope strain. Thus in P 198, on the day before its death, posterior-nuclear 
forms amounted to 15-2 per cent. of the short individuals counted, these short 
forms predominating in the blood, while trypanosomes with the nucleus 
anteriorly displaced amounted to 4-2 per cent. In P 240, Damba fly strain, 
posterior-nuclear forms were rarer, but a day or two before death amounted 
to 3 per cent. of all trypanosomes present, while a few anterior-nuclear forms 
were also seen. 


x 2000. Camera lucida, ¢ and / from guinea-pig 241, others from guinea-pig 198. 
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P 277, infected from M 88, i.e. direct transmission of mainland wild-fly 
strain, showed, in 100 individuals counted, seven with the macronucleus in 
the posterior, and four with it in the anterior quarter of the body. 

Thus the antelope strain, the mainland fly strain, and the Damba wild-fly 
strain have shown posterior-nuclear forms in guinea-pigs; and the mainland 
fly strain, after one cyclical passage through laboratory-bred flies and sub- 
inoculation into D 281, showed a single example after prolonged search in 
a slide swarming with trypanosomes. 


(e) Action of human serum. 


The 1912 Damba antelope strain showed no response to human serum. 

With the 1920 strain a few controlled inoculation experiments into guinea- 
pigs and rabbits were performed in which the serum was either mixed with 
the inoculum and injected at once, or else injected half an hour before the 
trypanosomes. No protective action was observed. 

Experiments in vitro, with and without the addition of fresh guinea-pig 
complement and at room and incubator temperature, also revealed no action 
on the trypanosomes by either human, mangabey, or lizard serum. 

Similar experiments with the Damba fly strain were also negative. 


(f) The behaviour of a black mangabey (Cercocebus albigena, sub sp.), obtained 
from the Kyagwe forests, towards the trypanosome used in these experiments. 


This species, of which there were three individuals at the laboratory, has 
proved very resistant to the various strains used. Two out of three have 
shown trypanosomes in their blood at rare intervals during prolonged daily 
examination both by fresh and stained thick film. The history of the three 
individuals is as follows: 


No. 114. (a) Interrupted feedings daily by 35 flies off Monkey 59 from 24. iii.—8. iv. 20. 
(6) Fed upon by positive flies of boxes 24 and 25 on 27. v.-29. v. 20. 
(c) Trypanosomes seen in very small numbers in monkey’s blood on 19. vi. 20. 
(d) Fed upon by clean laboratory-bred flies from 20. vi.—28. vi. 20. 85 dissected 
between 14th and 26th days after first feed: none found infected. 
Negative to daily examination from 20. vi-17. x. and from 20. x. 20.—5. iii. 21. 
Still alive and well. 
No, 112. (a) Interrupted feedings off Monkey 72 with 35 flies from 22. iii.-30. iii. 20. 
(4) Fed upon by positive box 77 from 9. xi.-10. xi. 20. 
(c) Trypanosomes first seen in blood in very small numbers on 21. xii. 20. Between 
22. xii. 20 and 26. ii. 21 trypanosomes seen on 13 of the daily examinations. 
(d) Fed on by clean laboratory-bred flies from 24. xii.—29. xii. 20. 130 flies dissected 
after 7th day all nil: also from 29. i.—17. iii. 21 by other laboratory-bred flies 
of which 36 were dissected after 7th day; none of these flies was infected. 
Total 166. Still alive and well. 
No. 86. (a) Fed upon by 1171 wild lake-shore flies before its peculiar resistance was realised. 
(b) Fed upon by positive boxes 51, 52, 53 on 9. viii—11. viii. 20. 
(c) On 24. i. 21 inoculated with 1-5 c.c. citrated blood of Monkey 227 which showed 
trypanosomes (buck strain). 
(1) Negative to trypanosomes in stained thick and fresh films from 30. iii. 20 to 
13. ii. 21. 
Died 16. ii. 21. Spleen hard and small: blood inoculated half an hour after death 
into clean monkey which did not become infected. 
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(qg) Infection of chimpanzee. 


An adult male chimpanzee which had lived for some three months at the 
laboratory was fed upon by positive-fly boxes 48 and 49 on 4-7. viii. 1920. 
These boxes were proved to be infective to clean monkeys both before and 
after these dates, and on subsequent dissection a fly with trypanosomes 
swarming in gut and glands was found. 

Trypanosomes were first seen in the blood of the chimpanzee on 12. viii. 
1920. On 8. vi. 1920 and on 10. vi. 1920 malaria parasites were found in the 
animal’s blood; the parasites were only seen in stained thick films and were 
present as fairly large rings. No crescents were seen. The animal had definite 
rigors and pyrexia and was plainly inconvenienced by the plasmodial 
infection. 

Early in November he began to go off his feed a little, and on the 15th 
oedema of the left eye appeared, lasting, however, only 24 hours. 

The animal was affectionate and intelligent, but was obviously suffering. 
There were no signs, apart from the oedema, of trypanosome infection, and 
the appearance towards the end of November of commencing incontinence 
of urine together with the general look of the animal suggested some abdominal 
lesion. 

Unfortunately this chimpanzee absolutely refused to allow any kind of 
examination to be carried out without a struggle which invariably resulted 
in some one getting more or less severely hurt. All attempts at pricking the 
finger or scratching the ear were met with determined protest and resistance, 
and, if persisted with, made him thoroughly upset and miserable. I was 
therefore compelled to let him alone save for occasional examinations, and 
towards the end of his illness he was not handled at all. 

He died on 30. i. 1921 without any signs of cerebral involvement, somno- 
lence, or further oedemas. 

Post-mortem the body was emaciated and the incontinence of urine had 
led to some excoriation around the pubis. The liver was large, pale and fatty; 
the spleen not enlarged, firm, and free from infarcts or abscesses. Kidneys 
healthy. Much fat around heart, which was otherwise normal. Abdominal 
viscera: small intestine normal; large intestine, terminal portion above rectum 
much ulcerated, many adhesions in lower abdomen, matting gut coils together 
and to bladder; 10 inches above the anus a perforation } inch in diameter 
through which a small nematode was protruding into the peritoneal cavity. 
On opening up the bowel, the mucous membrane was found to be much con- 
gested and showing many small ulcers, some healed and with dark pigmented 
edges. Many of the adhesions of long standing. Large quantity of bright 
yellow fat in the omentum. No large glands were noticed save in the mesentery. 
Bladder contracted. 

The cause of death was plainly chronic peritonitis with perforation and 
extensive ulceration of the lower portion of the large intestine. 


~ 
i 


H. L. DuKE 373 


Whether or not the animal was seriously inconvenienced by the trypano- 
some it is impossible to say: certainly he gave the impression of feeling the 
malarial attack more than the subsequent trypanosome infection. 

The strain employed in this experiment was the wild-fly organism from 
Monkey 88, which represented the second passage by direct transmission. 

There are at present two other chimpanzees at the laboratory, the younger 
of which a month or so after its arrival developed an attack of malaria in 

| which the parasites appeared to be identical with those seen in the original 
chimpanzee. The attack thoroughly upset the little animal for three or four 
days, after which he renewed his interest in life. The other animal is an old 


male, grey-haired all over his body and with what appears to be commencing 
arcus senilis. He allows no liberties to be taken with him at present, and no 
| examinations have as yet been made of his blood. 


(h) Conclusions. 


The animal-reaction experiments of this section show: 

(a) That the situtunga antelope on Damba Island at the end of 1920 
harboured a polymorphic trypanosome whose characteristics are different in 
several respects from those of the polymorphic organism isolated from the 
same antelope species on Damba in 1912 (Duke, 19126). Whereas the 1912 
strain agreed with 7’. gambiense, the 1920 strain shows many of the characters 
usually assigned to 7. brucei. 

(b) That the disease in monkeys and in sheep caused by the Damba 
antelope strain of 1920 is on the whole more virulent than that produced 
in these animals by the wild-fly strain from the mainland; the trypanosome 
strain derived from wild Damba G. palpalis occupies an intermediate position 
as regards its pathogenicity towards monkeys. 

(c) That the general virulence towards laboratory animals of the Damba 
antelope strain of 1920 is, on the average, greater than that shown by the 
other two strains investigated. 

(d) That posterior-nuclear forms have been developed by all the three 
strains, but appear to be more frequent with the Damba antelope strain. 

(ec) That the virulence of the human strain, recently isolated from a native 
who was probably infected in the Mpologoma endemic area, is very much 
less towards monkeys, guinea-pigs and rabbits. It was found difficult to 
bring about the infection of monkeys with human blood containing living 
trypanosomes, and subsequent passage in these animals was always charac- 
terised by a long incubation period and, during the first six months at any 
rate, rarity of the parasites in the peripheral blood. Several attempts to infect 
guinea-pigs and rats from first and second-passage monkeys failed. No 
posterior-nuclear forms were ever seen in blood slides from the animals infected 
with the human strain. 

(f) That the baboon is immune to the human. the antelope, and the 
wild-fly strains of trypanosomes, whether infection be attempted by the 
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syringe or by positive flies. A black mangabey species is extremely tolerant 
to these organisms. The chimpanzee is susceptible to infection by the wild-fly 
mainland strain; unfortunately, owing to an independent abdominal infection 
which proved fatal, it is not possible to report on the course of the disease 
in this animal. 


PART IV. DIRECT-TRANSMISSION EXPERIMENTS. 


These experiments were undertaken to test the hypothesis advanced by 
me in 1919 that this mode of transmission may play an important part in 
the production of strains of enhanced virulence, when the natural conditions 
result in the predominance of direct over indirect or cyclical transmission. 

It soon became evident, however, that a considerable time must elapse 
before any opinion can be advanced as to modification in the virulence of 
the directly-transmitted strains. 

In these experiments, boxes containing 30-35 flies were applied for a 
quarter of a minute or so to the infected monkey and then transferred to the 
clean monkey for a slightly longer period; the process was then repeated 
immediately, so that each day the flies had two “interrupted feeds.” The 
flies were finally fed on the clean monkey as required, to keep them alive. 

At first wire-sided boxes were used, later on mosquito-net sides were 
substituted for the wire to ensure more rapid feeding by the tsetses. 

Table IV sets forth the direct-transmission experiments. 

The reason for the repeated applications of the boxes was that the main 
object of these experiments was infection of as long a series of monkeys as 
possible, to see whether there ensued any alteration in virulence in the later 
passages. 

Allowing for a prolonged incubation period, which it is clear from Exp. 98 
may occur in these direct-transmission experiments, it will be seen that in 
ten experiments the transmission was probably effected during the first appli- 
cation of the box. In some of the others, in which negative applications are 
recorded, it is possible that the incubation period may have been under- 
estimated, and that the first application of the box was effective in these cases 
also. 

It is, however, plain that in a considerable number of instances 35 hungry 
flies failed to transmit trypanosomes from sick to healthy monkey by the 
direct method. Exps. 60, 109, 135 and 161 failed altogether. In the three-fly 
experiment trypanosomes were very numerous in the blood of the infected 
monkey, and here the infection probably occurred on the first day. 

As a general rule, though the point is not brought out in the Tables, the 
ease with which infection occurred depended on the number of trypanosomes 
in the peripheral blood. No doubt, as Roubaud has suggested, the success of 
direct-transmission experiments depends to a certain extent on the suscepti- 
bility of the clean animal to the trypanosome, and this factor must have contri- 
buted to Oehler’s success with single parasites (Oehler, 1913). In the monkeys 
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used above trypanosomes were never very numerous, but often showed up 
to two or three per field with the {th objective. 

With the human strain all attempts at direct transmission failed com- 
pletely. Trypanosomes were always rare in the blood, though on some of the 
days on which the feedings were carried out they were present up to one in 
two fields. Here, doubtless, the susceptibility factor comes in, as I have had 
the same experience as Bruce and others of the difficulty with which early 
passages of this strain are effected. Reference to Table I will show that there 
is no appreciable alteration of virulence as the result of the passages so far 
carried out. 

Table VI shows that full cyclical development took place in laboratory- 
bred flies fed on Monkeys 88 (second passage, Exp. 48), 117 (sixth passage, 
Exp. 51), and 161 (eleventh passage, Exp. 85). 


Conclusions. 


(a) As far as the direct-transmission series has as yet progressed, 7.e. to 
the eleventh passage, there is no sign of any loss on the part of the trypano- 
some of the capability to undergo cyclical development in the fly. 

(b) Up to the present no evidence has come to light that the virulence 
of a strain is enhanced by continued passage by this method in the same 
species of mammal. It is, however, too soon to draw any conclusion on this 
point. 

(c) Under natural conditions this method of transmission is likely to 
operate only when trypanosomes are present in fair numbers in the peri- 
pheral blood. Typical 7. gambiense infections in man, as commonly recog- 
nised, do not, in the later stages at any rate, fulfil this requirement. 


PART V. EXPERIMENTS WITH LABORATORY-BRED FLIES AND 
THE LAKE-SHORE AND HUMAN STRAINS. 

The experiments presented in this section were devised to ascertain the 
extent to which the three strains of trypanosomes—the wild-fly, the antelope 
and the human stzains—are transmissible by laboratory-bred G. palpalis; 
and further, to investigate the effect of different kinds of blood on these 
strains during their development in the fly. 

The pupae from which the flies were hatched were obtained from the 
lake-shore in the neighbourhood of Entebbe. In some of the experiments 
notes were kept on the number of pupae produced under the different dietetic 
conditions, out of consideration for Roubaud’s statement that mammalian 
blood is necessary for the reproductive processes of the tsetse (Roubaud, 
1919). My experiments show, however, that full-formed larvae and pupae 
can be produced by flies fed solely upon Varanus blood, a result similar to 
that of Kleine with flies fed with crocodile blood (Kleine, 1909 and 1911 a). 
A whitish papular eruption, limited to the area bitten by the tsetse, signalises 
the first few applications of flies to a new monkey; this rash disappears in a 
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few days. In the Tables, Nos. V, VI and VII, column 4 records the day upon 
which, after the first infecting feed, dissection was commenced. For the first 
few days of the experiment the dead flies are not dissected, as the discovery 
of trypanosomes in such early flies does not necessarily imply a developing 
infection. The dates appearing in the second column of the Tables are given 
to show the stage of the disease in the infecting mammal. 


(a) Meteorological conditions at Entebbe and Mpumu. 


Records are available of the wet and dry bulb readings inside the laboratory 
and at the Entebbe meteorological station in the open air. 

The laboratory readings are on the whole higher than the official figures, 
and as compared to the figures obtained from Mpumu the Entebbe laboratory 
showed a generally higher temperature throughout the year. 


(b) Tables of fly experiments and discussion of same. 


The human, wild-fly and Damba antelope strains are dealt with in Tables 
V, VI and VII respectively. The percentage of infected and infective flies 
obtained with each strain is given at the end of the corresponding table. In 
none of the flies dissected were any flagellates found in the proboscis. 

Tables V, VI and VII show that: 

(a) With the limited number of flies employed, the average duration of 
the full developmental cycle, with the human strain, was 32 days (maximum 
45, minimum 25 days): with the fly strain, average 29 days (maximum 31, 
minimum 26 days): with the buck strain, average 28 days (maximum 4, 
minimum 19 days). 

(6) Fully formed and apparently healthy larvae can be produced by flies 
fed on a purely reptilian diet. 

(c) All three strains of trypanosome can develop in flies which are 
nourished solely on reptilian blood. This matter will be further dealt with 
in subsection (d) below. 


Discussion of the fly-dissection Tables. 


It is much to be regretted that the salivary gland dissections were not 
more carefully performed in the experiments recorded in the above Tables. 
Press of other work made it impossible for me to undertake all the fly dis- 
sections myself, and the routine method practised by the native assistant 
consists in pulling out the gut, after snipping off the terminal part of the 
abdomen, and teasing it up in saline. In this way the glands usually come 
out with the intestines and are chopped up therewith, so that only fragments 
are available for scrutiny. 

The destruction of two of the experimental boxes by ants was due to these 
boxes, after having been selected for dissection, being left on the table over- 
night instead of being replaced on the water dishes. The tiny ant responsible 
for these devastations appears with magical suddenness wherever anything 
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suitable for food is left unprotected, and the following morning some wing 
fragments and a few wandering loiterers are all that remain to mark the 
tragedy. 

In view of these sources of error there is nothing in the above experiments 
inconsistent with the generally accepted belief that, with this trypanosome, 
a fly is infective when its glands are invaded, and not before. The period that 
elapsed after the first infecting feed before the flies became infective, in each 
of the five positive experiments of Table V was 35, 25, 45, 29 and 35 days 
respectively. Miss Robertson found in the course of her investigations into 
the development of trypanosome strains in G. palpalis at Mpumu, that in 
one case the glands became infected on the 12th day, and in rare cases on the 
16th day, gland infections being increasingly frequent after the 20th day. 
She states that a fly is capable, apparently, of conveying infection when only 
the proximal part of the gland, close to the duct, shows parasites (Robertson, 
1913). It is thus easily possible to overlook a gland infection when only 
fragments of the distal end of the viscus are inspected. Under the coverslip, 
a positive gland may often be seen almost completely to empty itself of try- 
panosomes through a hole in its side caused by pressure. 

Miss Robertson also refers to the rather rare cases where a fly may show 
a considerable number of flagellates in the gut as late as the 56th day of the 
experiment, without the salivary glands being infected. She found that, under 
ordinary feeding conditions (as contrasted with certain starvation experiments) 
the strains of trypanosomes employed produced 3 per cent. of infected flies. 
Kleine and Fisher, in experiments with palpalis and T. gambiense at Rutschugi, 
a region free from Sleeping Sickness, found that 8 of their 881 experimental 
flies became infective, 7.e. 0-9 per cent.; and that of the flies that lived for 
more than 12 days, slightly more than 1-7 per cent. contained flagellates; 
the cycle lasted 28-31 days. In a sleeping sickness region 2-5 per cent. to 
6 per cent. of their flies became infective, and the cycle lasted 20-25 days 
(Kleine, 1913). 

Bruce and his co-workers at Mpumu gave 27 days as the shortest time in 
which a fly became infective with 7. gambiense, the longest cycle taking 
53 days, and the average 36 days (Bruce, 1910 a). 

In Tables V, VI, with both the human and wild-fly strains, the percentage 
of infected flies is lower than that obtained at Mpumu. This is curious, as 
one would expect that conditions at the Entebbe Laboratory a few feet above 
lake level would be more favourable than at 600 feet higher on the top of the 
Kyagwe hill. As a rule, in the present experiments, the flies were only fed 
on the nourishing animal every other day, while those at Mpumu were fed 
daily except on Sundays. Again at Mpumu, in all save Miss Robertson’s 
experiments, cocks were employed to a considerable extent in nourishing the 
flies during the development of the cycle. In individual experiments at 
Mpumu the percentage of positive flies reached as high as 20 per cent. (Duke, 
1913 b). 
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(c) Failure to find flagellates in flies held to be infective. 


An important point in experiments with laboratory-bred flies is whether 
an infective fly can, under any circumstances, become cleaned of its flagellates, 
either in gut or glands or both. Miss Robertson obtained no evidence that a 
trypanosome infection once established in a fly is ever got rid of, meaning, 
of course, under normal feeding conditions. Experiments at Mpumu on the 
effect of arsenic-containing blood on positive flies, showed that flies fed on 
a monkey sufficiently soon after the dose of arsenic lost their gut infection 
while the trypanosomes of the glands were unaffected (Duke, 1913 a) . Similar 
results were obtained by Roubaud with proboscis-and-gut infections. 

Bruce and his co-workers at Mpumu and in Nyasaland record two inter- 
esting observations. Twelve palpalis remaining in positive Exp. 975 were 
dissected and found negative to flagellates; they were then pooled and injected 
into a healthy monkey which became infected. The inference drawn from this 
experiment was that an infective fly may escape detection by the microscope 
(Bruce, 1910 6). 

The Nyasaland instance is that of a positive experiment of morsitans in 
which an infective fly had been isolated in a glass tube and had, alone, in- 
fected a mouse and a rabbit. The fly remained alive in the tube for 13 days, 
and on dissection proved to be free from trypanosomes throughout: another 
example of the same kind was subsequently observed. The inference drawn 
was that it must, therefore, be held as probable that an infective fly, with 
presumably both salivary glands and alimentary tract swarming with trypano- 
somes, can lose all these flagellates and become non-infective (Bruce, 1914 a). 

It was thought possible that by feeding positive flies upon animals which 
are naturally resistant or immune to infection by the trypanosome, a complete 
or partial clearance of the fly might be effected. That this is not the case 
with baboor blood and either the human or the buck strain, was shown by 
the presence of flagellates swarming in both gut and salivary glands of the 
positive flies of Exps. 109 (human) and 113 (buck), both of which boxes had 
fed well for two successive days on a baboon. In Exps. 85 and 86, also, the 
positive fly contained quantities of Varanus corpuscles, but the flagellates in 
both glands and gut were unaffected. 

When confronted by the absence of flagellates from flies which are pre- 
sumed to have infected a clean animal, the first thought should be that a 
contamination infection of the clean animal has occurred, as, for instance, 
the direct transmission by wild biting flies from a neighbouring infected 
animal. A second possibility is that the gut has by some means been cleaned, 
as happened in the arsenic experiments above referred to, the glands remaining 
infective. 

These two contingencies must be excluded before an explanation is sought 
in some obscure and hitherto unsuspected process of sterilisation, or in the 
more simple conclusion that the positive fly has been overlooked. 
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As, under ordinary circumstances, the glands of flies in my experiments 
were not dissected out unless flagellates were seen in the gut, it is possible 
that a fly with positive glands and negative gut, if such occurred, would 
escape notice. This is, however, not probable. 

The possibility of natural contaminating infections has been most care- 
fully investigated. In addition to control monkeys kept for months under 
daily examination, a particularly severe test was devised to settle this point. 
Two baby monkeys, brought in with their mothers and still unweaned, were 
allowed the freedom of the monkey village. They roamed about all day long 
among their friends, and were examined daily. The mother of one was in- 
fected with the relatively virulent buck strain. Both these babies spend much 
of their time in the boxes of infected monkeys near by, and sit hugged up close 
for long periods at a time. They have been under observation for months, and 
neither they nor the other controls have ever become infected. I have never 
seen an instance of a natural infection among the monkeys at this laboratory. 
1 think, therefore, that it is justifiable to assume that the infective flies in 
those positive experiments, such as No. 87, in which no positive flies were 
found on dissection, were overlooked during the removal of the daily “deads” 
until they had dried up; and this may well happen, unless special care is 
taken, owing to the tendency of dead flies to become caught up in the corners 
of the boxes. 


(d) Effect of different kinds of blood on the developing flagellates 
(as revealed by Tables V, VI and VII). 

Lizard. Kleine at one time held the view that monkey’s, and more 
especially man’s blood, was more favourable than that of ruminants to the 
development of trypanosomes in the fly (Kleine 19116). Subsequently he 
gave up this opinion and expressed himself as convinced that the type of 
blood taken up by the fly was a wholly unimportant factor (Kleine, 1913). 
At Mpumu a single series of experiments (Duke, 1913 5) pointed to yet a 
different conclusion, namely that ruminant blood was more favourable than 
monkey blood; the percentage of infected flies in the experiments were: on 
ruminant blood 9-1 per cent.; on monkey blood 2-1 per cent. In the experi- 
ments recorded in the present paper an attempt was made to pursue this 
matter further and, keeping in view practical issues, to discover whether the 
various strains of trypanosomes employed were capable of developing in flies 
fed for a prolonged period on reptile blood. 

Observers who have attempted to feed laboratory-bred flies on crocodiles 
have been struck with the difficulty experienced in persuading the flies to 
feed. As no crocodiles were available, water-lizards (Varanus sp.) were em- 
ployed, since they are easily obtained and live for months in captivity on a 
diet of shell-fish and crabs. 

At first the greatest difficulty was experienced in making the flies feed. 
One would feed, and then perhaps one or two more, but often three-quarters 
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of an hour would go by and only few of the insects take their fill. That they 
were hungry was obvious by their efforts to bite the fingers of the operator; 
directly they were placed on the reptile, however, they showed no further 
interest. Briefly, after much experimenting, the flies were found to feed well 
when housed in mosquito-net instead of wire-sided boxes, and placed on the 
lizard after exposure of the latter to the sun for a short time. The reptile 
proved extremely sensitive to sun heat, soon becoming very distressed, with 
protruded tongue and open mouth, and gasping for breath. The box of flies 
was placed on the reptile’s flank, and the upper netted side covered with a 
wet cloth to shut off the distracting effect of the operator’s hand. Now and 
then a cautious peep under the cloth revealed whether or not the flies were 
feeding, and if none were so engaged the box was lifted away and replaced 
again, if necessary gently stroking the animal’s skin under some conveniently 
situated empty fly to stimulate the insect to start feeding. With proper care 
and patience almost every fly will feed, and, with increasing familiarity, feeding 
becomes more rapid. The flies take as a rule longer to finish their feed on the 
lizard than on a monkey, the first part of the sucking act seeming the most 
difficult. It was noticed that once the flies in a box had fed well on the lizard, 
it was little or no use trying to feed them on the following day, whereas on 
monkeys the flies will feed readily day after day. Possibly the nuclear material 
present in the Varanus corpuscles accounts for this difference. 

Full-grown lizards do not appear to take the slightest notice of the flies, 
even when two boxes of flies are fed simultaneously on either flank; the first 
lizard employed, however, was a young animal, and it became increasingly 
restive until the insertion of a proboscis resulted in a general upheaval which 
eventually made feeding impossible. 

No trypanosomes were ever detected in the lizards employed in these 
experiments, nor were forms resembling 7’. grayi ever seen in the various 
flies fed upon them; dissection of 159 clean laboratory-bred palpalis fed for 
33 days on the experimental lizards failed to reveal any developmental 
flagellates. 

Reference to the pairs of parallel experiments in Tables V-VII will show 
that, although there is, perhaps, some indication that the number of flies 
containing flagellates is less on a diet of Varanus, than of monkey blood, yet 
it is possible, with the buck strain at any rate, for a fly to become infective 
on such a diet. 

For the paired experiments—devised so that the conditions of infective 
feeding were identical and the subsequent diet of the flies, reptile, or monkey 
blood respectively—the figures are: 


Varanus ... Total flies dissected after the 7th day ... 364 
Containing flagellates... 4(1-09 %). 

Monkey ... Total flies dissected after the 6th day ... 328 
Containing flagellates... (3-04 %).. 
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In the total of infected flies nourished on monkey blood in these parallel 
experiments the infective fly of Exp. 94 is not included. 

Taking by themselves the positive flies in the paired experiments with 
the human strain we have: 


on reptile blood: Total flies dissected ... 213 
Containing flagellates... 1; 
on monkey blood: Total flies dissected ... 190 
Containing flagellates ... 7; 


i.e. 0-46 per cent. as against 3-68 per cent. infected flies on reptile and monkey 
blood respectively. 


Mangabey sp.: 
Mangabey ... ... Number of flies dissected after the 19th day ... 134 
Flies containing flagellates 
Ordinary species ... Number of flies dissected after 9th ie .. 142 
Flies containing flagellates 


These dissections, limited though they are, indicate that a continued diet of 
blood of this resistant species does not harm the developing flagellates. 

The number of flies used in these experiments is unfortunately small; it 
is hoped to continue investigations on these lines on my return from leave. 


(e) Conclusions as to the effect of reptile blood on 
developing trypanosomes. 


As far as conclusions are warranted by the limited evidence it seems that 
reptile blood exerts a relatively unfavourable influence on polymorphic try- 
panosomes developing in laboratory-bred G. palpalis. This unfavourable effect 
is especially noticeable in the case of the human strain of trypanosomes. 
Flies can, however, become infected and infective on such a diet. 


PART VI. GENERAL REVIEW AND SUMMARY. 


A consideration of the above experiments, and of the available literature 
dealing with the distribution of trypanosomes and tsetse flies in nature, has 
suggested certain general conclusions which will now be put forward. 

(1) Glossina palpalis is essentially not a game tsetse in the sense that 
G. morsitans and G. pallidipes are. Its main food-animals, under primitive 
African conditions, are reptiles, possibly birds, man and his stock, the hippo- 
potamus, and such game animals as may visit its haunts. 

(2) In inhabited regions, wherever the wild G. palpalis are known to carry 
a polymorphic trypanosome with “anterior station” in the salivary glands, 
cases of trypanosomiasis of the gambiense type will generally be found to occur 
in man. The polymorphic trypanosomes so far recovered from game, stock, 
and man in inhabited palpalis areas, fall into line rather with 7. gambiense 
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than with 7. brucei, as regards virulence in laboratory animals and the absence 
of posterior-nuclear forms. 

(3) With one certain and one doubtful exception, wherever the brucei 
type of trypanosome has been recovered from game or stock in a palpalis 
area, there have always been other tsetse species present in that area, and 
investigation has often actually proved that it is the other species that 
transmit this trypanosome in nature. From the foregoing considerations— 
which must be taken in conjunction with what has previously been said re- 
garding “species” (see Introduction)—it seems reasonable to conclude that 
the relatively avirulent polymorphic trypanosomes of palpalis areas, be they found 
in man, stock, or game, belong to a single natural species. This species is capable, 
on occasion, of parasitising man, and when it does so, the trypanosomes found in 
his blood “are those which have for years been called T. gambiense. 

(4) Now the only two instances, where a trypanosome possessing the 
characters of the brucei group has been recovered from a pure palpalis region, 
occur in areas which have for years been uninhabited by man and where 
antelope abound, namely the Sesse Islands and Kiraro Lake near Lake George. 
There is, apparently, no region in Africa where antelope play such an important 
part in the dietary of G. palpalis as on the Sesse Islands at the present day, 
and where, in consequence, the polymorphic trypanosomes carried by this fly 
have an antelope as their almost exclusive host (the hippopotamus has been 
shown by Carpenter to be much less patronised by this fly than the situtunga, 
where both are available as food animals). 

(5) In the old days the situtunga must have obtained their mammalian 
trypanosomes from G. palpalis; leeches and ticks do not appear to have played 
any part in the transmission of these parasites. But let us consider the 
distribution of trypanosomes on these islands to-day. In neither the wild 
fly nor the antelope have trypanosomes of the nanum-pecorum group ever 
been detected, and these organisms showed great reluctance to undergo full 
cyclical development in laboratory-bred flies at Mpumu. On the other hand 
T. vivax and T. uniforme are common in both buck and fly. In addition, we 
find in both buck and fly the polymorphic organism described from Damba. 

(6) Whether the Sleeping Sickness epidemic was started by the entry of 
T. gambiense from some neighbouring endemic area or was due to an already 
existent organism whose spread was favoured by the terrible famine in 
Busoga, it is certain that a polymorphic trypanosome described as 7’. gam- 
biense was present in the blood of an enormous number of human beings from 
1901 to 1909 in the Uganda Lake palpalis areas. 

(7) The part played by direct transmission in the spread of this epidemic 
we shall never know. It is certain, however, that a relatively large percentage 
of the wild fly must have been cyclically infected with the human trypano- 
some. 

(8) With the gradual depopulation of the area by removals and by death, 
the cattle—the majority of which did not leave the islands until the final 
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exodus—the antelope, and the hippopotamus would be increasingly drawn 
upon by the fly for mammalian blood. 

(9) We know that 7. gambiense will survive for many months in the 
blood of the situtunga, and the antelopes must have become infected with 
the human trypanosome as the departure of man brought them into ever- 
increasing contact with the tsetse. From 1909 onwards, Tragelaphus spekei 
and the hippopotamus have constituted the mammalian food supply of the 
fly, and ipso facto, the reservoir of its trypanosomes. 

(10) At the present day antelope swarm on some of the larger and a few 
of the smaller islands, and have extended their range since 1912 to islands 
on which, at that time and previously, they were unknown. Their numbers 
are enormous and their relation to the fly is very intimate. In 1912 the wild 
fly and the situtunga were still carrying a polymorphic trypanosome whose 
general behaviour was that of 7. gambiense, and there appears to be no reason 
to doubt that the polymorphic trypanosomes in the situtunga and wild G. palpalis 
in the prohibited area of Lake Victoria at the present day are the descendants of 
the T. gambiense which occurred in man at the time of the epidemic. 

(11) At the present day certain of these wild strains differ to a greater 
or less extent from the 1912 types; but as far as is known, there has been, 
since 1909, no introduction of fresh strains from outside, so that this cannot 
be the explanation of these differences. In the last few months evidence has 
been acquired of the occurrence of significant variations in the virulence and 
morphology of the trypanosomes on Damba, the island where the relations 
between fly and buck are more intimate, probably, than anywhere else. The 
variations observed tend towards the assumption of the characters typical 
of T. brucet. 

(12) T. brucei, when it occurs in a fly-infested game region, is, as a rule, 
readily recoverable from both game and fly. Had such a trypanosome existed 
in the lake-shore palpalis area so thoroughly investigated by various observers 
in Uganda, it seems incredible that its presence should not have been detected 
by 1912. As stated above, trypanosomes of this type have not, as far as I 
can ascertain, been recorded from any purely palpalis area outside Uganda 
Protectorate. 

(13) The difference between the only two strains so far recovered from 
Sesse situtunga is clearly marked. On the other hand, it must be admitted 
that, until the recovery of this second buck strain, no particular care was 
taken to search for posterior-nuclear forms in the strains obtained from lake- 
shore flies. These strains all produced more or less chronic infections in 
monkeys, but relatively few sub-inoculations were made into small animals. 
As regards the 1912 antelope strain, however, it is quite certain that posterior- 
nuclear forms did not occur, as this trypanosome was carefully examined at 
the time to see whether it showed any points of resemblance to the brucei 
type (Duke, 1912 5). 

(14) While it is thus possible that posterior-nuclear forms occurred in 
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the 1912 fly-strains and were overlooked, it must be remembered that attention 
was first drawn to the peculiarity of the 1920 buck strain by its movements 
and by the way in which it killed its monkey host, and that posterior-nuclear 
forms were at once seen in the first guinea-pig inoculated. Years of experience 
have made me familiar with the behaviour of the local green Cercopithecus 
in captivity, but the disease in this animal was something I had not seen 
before. 

(15) It is highly improbable that the newly recognised strains of trypano- 
somes could have been introduced by such poachers as have visited the 
islands since the depopulation. These people go to fish, and do not take 
dogs or stock with them. It appears reasonable, therefore, to regard this ewly- 
recognised brucei-like organism as a strain or variety of the older and formerly 
more common trypanosome whose general behaviour so strongly resembled the 
human parasite, T. gambiense. 

(16) The situation presented by the uninhabited fly-area in Uganda is 
unparalleled in Africa, and amounts to a demonstration, on a colossal scale, 
of the effects of environment on a strain of trypanosome. Before the epidemic, 
when the islands were teeming with natives and stock, the main food-animals 
of the G. palpalis were undoubtedly reptiles and man and his domestic animals. 
Reliable native accounts agree that the situtunga were comparatively rare 
in the palmy days of Sesse, and were seldom seen save on the extreme southern- 
most islets, whither great parties went at intervals to hunt them. The antelope 
may thus be regarded as an almost negligible source of food to the fly before 
the epidemic. The revolutionary change in the economy of the fly, effected by 
the sudden wholesale removal of man from its reach, has, with the passage 
of years, resulted in the usurpation by the antelope of the position formerly 
occupied by man and his stock. Among the reptiles, as Carpenter has pointed 
out, the result of the change has probably been a great increase in Varanus, 
more or less at the expense of the crocodile; for the natives prized Varanus 
skins very highly for their drums, and this lizard is very fond of crocodile 
eggs. 

(17) Whetber man or his stock or the antelope carried polymorphic 
trypanosomes in the days before the epidemic we shall, unfortunately, never 
know. We must, however, admit that the occurrence of human trypano- 
somiasis in the Uganda Lake area before 1899-1900, however probable it 
may be in theory, is not supported by native evidence. At all events, the 
existence of a human disease presenting the symptoms of the “mongota” of 
the epidemic is denied alike by the Baganda and the Basoga and the Basesse. 

(18) It appears significant that the most virulent strain of trypanosome 
so far isolated was recovered from Damba Island, for on this island the fly 
and antelope are in more intimate relation than anywhere else. Both are 
very numerous, and the topography of the island entails constant exposure 
of the animals to fly-bite. Here, too, the effects of the close feeding of ever- 
increasing numbers of antelope are not yet prondunced. As Fiske was the 
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first to appreciate, many of the old fly-shores on Bugalla Island have been 
practically cleared of tsetse by the removal of suitable shelter all along the 
lake edge by the hungry antelopes. Branches are cropped off to within 
four or five feet of the ground, and all undergrowth is grazed off short. This 
denudation is also occurring on Damba, but has as yet had little effect on the 
density of the fly. 

(19) It remains to be seen whether, as time goes on, the brucei-like 
organism will become increasingly common. At present the main differences 
between the Damba-antelope trypanosome and the other lake-shore strains 
are the disease which it produces in monkeys, and its greater virulence to 
other laboratory animals. Posterior-nuclear forms are also more commonly 
met with than in the mainland and island fly-strains. Damba Island will not 
be interfered with during the progress of the repopulation scheme, as I have 
especially requested that it be left undisturbed, in order to test this point. 
In the absence of leopards, crocodiles and pythons are the only enemies of 
the situtunga on this island, and the animals will presumably continue to 
multiply until either disease or failure of food checks their increase. Migration 
to the neighbouring island of Kome has occurred and will continue. It is 
possible that the animals will multiply to such an extent that direct trans- 
mission of their trypanosomes will become possible and will actually occur, 
with consequent increase in virulence for this now tolerant host, and the 
production of an epizootic of trypanosomiasis. 

(20) The practical importance of this discussion lies in the answer to the 
question as to whether or not, simultaneously with the acquisition of these minor 
changes, these strains may have lost their capability of survival in man. It is 
possible that, in regions where man plays a big rdle in the fly’s food supply, 
his removal and the substitution of another mammal—the situtunga—in his 
place may, in the course of years, lead to changes in the constitution of the 
trypanosome. It is easily conceivable that those species of trypanosomes 
which possess the power of utilising man as a host may lose this power if 
maintained for sufficiently long periods under natural conditions exclusively 
in ruminants. 

(21) We have at present, under Mr Fiske’s scheme for repopulation of 
the islands on sanitary principles, a considerable number of natives exposed 
to fly bite. In the course of the preliminary clearing, which is an important 
part of the scheme, frequent exposure is unavoidable. Furthermore, in the 
past few years a number of canoemen have been extensively exposed to fly 
in areas where the gambiense-like organism occurs in buck and fly. So far no 
cases of trypanosomiasis have occurred, but the experiment—for such it is— 
is still too recent to be conclusive. 

(22) It may be contended that these wild-fly and antelope trypanosomes 
are not and never have been 7’. gambiense, but belong to some species proper 
to antelope and as yet unnamed. This contention is irrefutable by direct 
experiment, but the great bulk of the evidence indicates that we are dealing 
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with the descendants of the trypanosome which was parasitic in man at the 
time of the epidemic. A careful watch will be kept over the reinstated natives, 
and more especially over the fishermen, who will in this case also provide 
a natural experiment on a large scale. 

(23) The reintroduction of man into the fly area, without careful pre- 
cautions against re-establishing that close contact between man and insect 
which prevailed in the old days, would, in my opinion, lead eventually to the 
reappearance of human trypanosomiasis. Under the present scheme, however, 
the contact between man and fly is reduced to such an extent that, even if 
the existing organism is still capable of surviving in man, there will be no 
chance of the disease spreading. On the Mpologoma the disease still occurs 
endemically, and it is no great distance from this centre to the great lake; 
but every effort will be made to avoid the introduction of a fresh supply of 
human trypanosomes into the repopulated area. The scheme for carefully 
controlled repopulation of the fly zone will not fall to the ground even if 
sporadic cases of trypanosomiasis occur among the returned populations. The 
contention is that, with proper organisation, these areas can once again play 
their part in the economy of the Protectorate, without the mortality from 
this cause amounting to a serious figure. 

(24) The indication recently forthcoming from Damba, that certain of 
the wild trypanosomes are developing increased virulence in laboratory 
animals suggests a far-reaching train of thought concerning the phylogeny 
of this group of organisms. As has been pointed out above, the Sesse Islands 
present a picture unparalleled in fly bionomics in Africa. G. palpalis is here 
in the closest contact with an antelope, and is undoubtedly feeding very 
freely on this mammal in spite of the existence of reptilian hosts. The chief 
mammalian host of the polymorphic trypanosomes of Damba at the present 
day is undoubtedly the situtunga, just as the chief hosts of these trypanosomes 
in morsitans areas are the game animals. The present close relations between 
fly, trypanosome, and antelope on Damba have steadily developed since 
1909, and, at the present time, are closely parallel to those obtaining in typical 
big-game and morsitans country, always excepting the presence of reptiles. 
It is possible, therefore, that the prolonged sojourn of a polymorphic trypanosome 
exclusively in game animals through many generations may result, per se, in the 
assumption by the parasite of the characteristics of the trypanosome known as 
T. brucei, irrespective of the tsetse species concerned with its transmission. 

(25) The foregoing considerations suggest that the differences between 
T. gambiense and T. brucei depend upon the predominance in 7. gambiense 
areas of hosts other than ruminant game, 7.e. man and possibly the hippo- 
potamus and reptiles also. On this assumption is explained the failure to 
recognise the brucei type of trypanosome in pure palpalis areas elsewhere in 
Africa; for nowhere else have extensive observations been made in an area— 
if indeed such exists—where the removal of man. has led to G. palpalis be- 
coming closely and almost exclusively associated with antelope as a source of 
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mammalian blood. The occurrence in brucei regions of gambiense-like trypano- 
somes such as 7’. multiforme will also be intelligible when we bear in mind the 
opportunities which occur for the introduction of the gambiense type of 
organism in its human host into morsitans country, and the time which must 
elapse before the change of vertebrate environment can make itself felt on 
the trypanosome. The evidence from morsitans areas seems to be that, until 
recent years, man has been immune to the locally widespread 7. brucei, and 
is still so in some areas. Similarly, negative evidence in Uganda points to 
the conclusion that the exposure of natives, at the present day, to the palpalis 
of the lake-shore prohibited area, does not result in man becoming infected 
every time that he is bitten by a cyclically-infected fly. The introduction of 
a number of human beings into the fly area might well lead, however, to the 
gradual acquisition by the trypanosome of powers to survive in these hosts. 
This seems to have happened.in Rhodesia and in Nyasaland, and the same 
thing may happen on Sesse unless special precautions are taken to prevent it. 

(26) There is another line of speculation which, however grotesque it may 
appear to those who believe in a multiplicity of species among the poly- 
morphic trypanosomes, at any rate suggests a line of practical investigation 
to which the literature at my disposal makes no reference. The polymorphic 
mammalian trypanosomes are parasites for whose propagation in nature a 
long sojourn in the blood-host (mammal), with consequent maximum exposure 
to the insect intermediary, is desirable—if not essential. Trypanosomes tend 
to become adapted to their blood-hosts in such a way that they assume the 
character of harmless guests rather than pathogenic parasites. An acute and 
fatal disease of the host is detrimental to the parasite. Those mammals, 
therefore, which display true tolerance to a particular trypanosome may be 
regarded as its natural hosts. 

For the main groups of pathogenic African trypanosomes the (folerant 
hosts are as follows: 


(1) 7. vivax group... ... game, and possibly stock. 
(2) T. nanum group ... ... game, and possibly stock (cf. below). 
(3) Polymorphic group: 

(a) capable of survival in 


man—T7’. gambiense ... man (in endemic areas) stock and game. 
(6) incapable of survival in 
man—T’. brucei ... game, and possibly stock. 


Man and game are antagonistic to some extent, for big-game country is not 
suited to extensive human occupation; that is to say, large numbers of game 
animals and large native populations are, under primitive conditions, mutually 
exclusive. 

(27) The two principal game tsetses, @. morsitans and G. pallidipes, in- 
habit as a rule country where man would play but a minor part as a food 
animal, On the other hand, man, in primitive Africa, was probably often 
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associated with G. palpalis, in the dietary of which fly he still plays an im- 
portant part in many districts. To-day the polymorphic trypanosomes of 
palpalis areas are of comparatively low virulence in the primitive food 
mammals of such regions—man and his stock and such game as may be 
present. Reptiles are, as far as is known, immune under natural conditions; 
and the rarity of trypanosomes in the large number of hippopotami examined 
by various observers suggests that this animal is in a marked degree tolerant, 
if not practically immune. These palpalis-trypanosome infections run a more 
or less chronic course in laboratory animals, and the parasites themselves 
show no posterior-nuclear forms in so far as they have been examined in this 
respect. Game-tsetse or morsitans areas are characterised, on the other hand, 
by polymorphic trypanosomes of the brucei type, to which, it appears, man 
has been immune until recent years—the tolerant hosts being essentially 
the game. Stock may be reckoned as relatively susceptible, since natives in 
many parts of Africa have from time immemorial avoided grazing their cattle 
in the proximity of big game. The morsitans trypanosomes cause an acute 
infection in laboratory animals, and tend to show posterior-nuclear forms. 
With one exception—T. pecaudi of Roubaud—all the polymorphic organisms 
whose development in Glossinae has been studied, have their “anterior 
station” in the salivary glands of the fly. 

(28) Let us for a moment suppose that, instead of a number of species 
of polymorphic trypanosomes differing from one another according to bio- 
metrical, serological, or laboratory pathogenicity tests, there existed originally, 
throughout the tsetse areas of primitive Africa, a single species, characterised by 
polymorphism, and by its development in the salivary glands of Glossinae the 
mammalian hosts of this organism would differ, we may suppose, in different 
regions—according to the food proclivities of the prevailing tsetse species. 
In palpalis areas, under primitive African conditions, the fly would feed 
mainly on man and his domestic animals, and on game, where it was available. 
In morsitans and pallidipes areas, under similar undisturbed conditions game 
would be selected. In each type of fly-area, natural selection would tend to 
establish tolerance to the trypanosomes on the part of those mammals which 
constituted the main food supply of the particular tsetse concerned with their 
transmission in that area. Introduction of new mammals into the food 
regimen of the tsetse might react in three different ways on the trypanosome: 
(a) the parasite might be unable to survive in the new host, in which case 
it would die out; (b) it might give rise to an acute and rapidly fatal disease, 
in which case it would automatically become extinct; or (c) it might find the 
new host suited to its requirements—i.e. tolerant—in which case it would 
survive and become established. 

(29) Hitherto we have considered chiefly the effects produced upon the 
trypanosome by sojourn in different vertebrate hosts. But in parasites such 
as these, with a life-history normally passed in two different hosts—verte- 
brate and invertebrate—we must also take into account the possible effects 
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produced by sojourn in different species of Glossina. (It is conceivable, further, 
as Bagshawe has suggested, that climate may have some effect upon the 
physiological characters of the parasites; but at present this factor is too 
problematic to be discussed with profit.) As regards the influence exercised 
by the fly, we must note the following points: 

(30) We know that 7. gambiense is transmissible by G. morsitans and 
T. brucei by G. palpalis. What we do not know is whether, after a suitable 
number of experimental passages through the normally foreign tsetse species, 
T. gambiense acquires increased and T. brucei diminished virulence to laboratory 
animals; in other words whether the differences between 7’. gambiense and 
T. brucei are determined by the species of tsetse concerned with the trans- 
mission. 

(31) The matter is obviously susceptible of direct experimental proof, 
but before a decision is reached a considerable number of passages must be 
made. The only experimental evidence that I can find consists in (a) some 
experiments by the Nyasaland Commission with a Tanganyika strain of 
T. gambiense and G. morsitans; (b) the transmission of the Mpumu laboratory 
strain of 7. brucei by G. palpalis; and (c) of an East African organism by the 
same tsetse. All these experiments are too. limited to justify any definite 
conclusion. 

(a) In Nyasaland the gamliense strain was cyclically transmitted from 
monkey to monkey by laboratory-bred G. morsitans. The particular strain 
employed was inoculated by the syringe into nine other monkeys, of which 
two never became infected, two were alive on the 373rd day, two were alive 
on the 285th day; and, of the three that died, the maximum, minimum, and 
average duration of the disease was 264, 217 and 253 days respectively. The 
two monkeys infected by laboratory-bred G. morsitans died in 46 and 217 
days. Two other Tanganyika gambiense strains were inoculated by the syringe 
into monkeys. In all, eight animals were employed of which four never became 
infected, two were alive on the 275th day and one on the 373rd day. The 
duration of the disease in the one that died was 31 days. The incubation 
period in this animal, before trypanosomes appeared in the blood, was 23 days, 
suggesting a chronic type of infection, so that the death of the monkey eight 
days later was perhaps due to some other cause. The same objection applies, 
however, to the brief course of the disease in one of the fly-infected monkeys 
(Bruce, 1915). 

(6) The experiments in which 7. brucei was transmitted by G. palpalis 
were only three in number, and as far as they go point to no attenuation of 
virulence in the first passage (Fraser, 1912). 

(c) With the brucei-like organism from East Africa, also, no attenuation 
was noticed in the first generation (Duke, 1913 c). 

The German investigators do not state the duration of the disease in the 
monkeys of their experiments, and no attempt was made to transmit beyond 
the first generation. 
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(32) From the foregoing considerations it may therefore be concluded that 
there is at present no certain evidence to prove that the invertebrate host 
determines—or influences—the characters of the trypanosomes which it is 
capable of transmitting; and the evidence supplied by the discovery of a 
virulent strain of polymorphic trypanosomes on Damba is against such a 
supposition. Whether the species of tsetse is a crucial factor in the production 
of the brucei or gambiense type can, however, be put to the test of experiment. 

(33) The arguments briefly developed in the preceding paragraphs have, 
no doubt, presented themselves to other investigators of trypanosomiasis in 
Africa. They are not advanced here as incontrovertible truths, but rather as 
a legitimate working hypothesis which may serve as an incentive to further 
useful research. But the point that I wish to emphasise is that, in any strain 

, of trypanosomes, the physiological characters—including ability to infect 
- man—are largely determined by the environment. If the arguments here 
advanced are sound, then we are justified in concluding that the polymorphic 
mammalian trypanosomes of Africa all belong to a single species, and not to a 
multitude of species. This species is characterised by its polymorphism in tts 
vertebrate hosts, and its anterior station in the salivary glands of its Glossina 
intermediary. Included in this species there are many different varieties or 
strains, distinguishable from one another by characters of minor systematic vm- 
portance. These strains are not immutable, but variable, and are determined by 
the environment in which the species lives: they are not constant, under varying 
external conditions, but each different strain is dependent upon, and is produced 
as a response to, a particular environment. If we call this species Trypanosoma 
brucei, then “ 7’. gambiense,” “T. rhodesiense,” and “T. nigeriense” are to be 
regarded as particular strains of 7’. brucei which have become, after sojourn 
in other hosts, more or less adapted to life in the blood of man. 
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By GEORGE H. F. NUTTALL, F.R.S. 
(From the Quick Laboratory, University of Cambridge.) 


As stated in a slip inserted opposite the first portrait-plate of this series, the 
collection herein presented is issued without regard to chronological order, 
moreover, the portraits are confined to those men of science who, in various 
ways, have advanced the subject of parasitology. 

The notes that follow are intentionally written in a brief form, their object 
being to point out the main contributions to parasitology made by those whose 
portraits are included in the series whilst giving references to sources whence 
further information may be gathered by those requiring it. 

The collection of portraits that I have formed in the course of years and 
placed upon the walls of my laboratory, has frequently aroused the interest 
of my colleagues. Latterly the collection has been augmented, and it seems 
desirable to publish some of the portraits it contains, thereby rendering them 
available to a wider circle. 


Antony van Leeuwenhoek 
1632-1723. 
(Portrait-plate I, facing p. 1.) 


LEEUWENHOEK was born in 1632 and died, aged 91 years, on 26 August 1723! 
at Delft, Holland, where he lies buried in the Oude Kerk. He spent his early 
years as a linen draper, but when 22 years old obtained a sinecure office in his 
native town whereby he secured ample leisure for the pursuit of his scientific 
tastes. He learnt the art of lens grinding and is stated to have constructed 
some 250 microscopes, many of the instruments being specially adapted for 
particular investigations. With these instruments he examined everything 
that aroused his interest. In 1673 R. de Graaf sent Leeuwenhoek’s first com- 
munication to the Royal Society, and subsequently Leeuwenhoek addressed 
many letters to the Society some of which appeared in the Proceedings, whilst 


1 On Plate I read 1723 for 1725. 
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others are preserved among the MSS. in the Library of the Society. In 1680 
he was elected a Foreign Member of the Royal Society. 

He made numerous observations of broad biological interest, amongst 
many things discovering the spermatozoa and demonstrating the capillary 
circulation. He made important contributions to parasitology. He described 
free living Protozoa (1676) and was the first to discover parasitic Protozoa, 
for, in a letter dated 4 Nov. 1681, to Robert Hooke, Secretary of the Royal 
Society, he gave a brief but unmistakable description of Giardia (Lamblia) 
intestinalis which he obtained from his own stools when loose after errors in 
diet (7). In his letter of Sept. 1683, and 16 Oct. 1692, he described the dis- 
covery of minute motile organisms (Bacteria) in the “materia alba” from 
between his teeth. Not only was he the first to discover bacteria but he was 
the first to figure them(1, 3). He appears to have been the first to raise 
Pediculus humanus experimentally, doing so upon his own person. He also 
studied the mechanism of feeding (4, 6) and the structure of the mouthparts 
of the louse, and in 1697 he described and figured nits(2). Of his work on Pulex 
irritans my late friend Professor H. G. Plimmer, F.R.S. (5) wrote: 

“He glorified even in the common flea—so carefully collected for him by his 
little maidservant—and made the first exact observations upon this enemy 
of man. He described its structure and traced out the whole history of the 
metamorphoses of ‘this minute and despised creature,’ which some asserted 
to have been produced from sand, dust, dung of pigeons, or urine; and he 
showed that it was ‘endowed with as great perfection in its kind as any large 
animal.’ He also found that its pupa was attacked by a mite, the knowledge 
of which fact gave rise later to the well-known lines of Swift (1667-1745): 

So, naturalists observe, a flea 

Has smaller fleas that on him prey; 
And these have smaller still to bite ’em, 
And so proceed ad infinitum.” 

The two portraits reproduced in our plate were photographed by me in 
Géttingen in 1893 from the frontispieces to the 1695 and 1719 editions of 
Leeuwenhoek’s works. The first shows him at the age of 63 (1695), the legend 
on the frontispiece reading “ Antonius a Leeuwenhoek Regiae Societatis Lon- 
dinensis Membrum....J. Verkolje pinx. A. de Blois fec.” The second portrait 
(1719) shows him in his old age, the head being in an oval bearing an inscrip- 
tion and held above the clouds by a trumpeting angel of fame; this frontis- 
piece bears various allegorical figures, statues, and a distant view of Delft in 
the background. His monument at Delft, which I visited in 1893, bears a 
medallion in marble; the head is shown in profile, the forehead being traversed 
by very deep wrinkles which long years of work with microscopes must surely 
have helped to chisel! 


References: (1) Leeuwenhoek (1695), Arcana Natura Detecta, Delphis Batavorum, pp. 
41-46, 53, pl. opposite 192, 187, 335-338 and pl. (2) Leeuwenhoek (1697), Brieven, p. 204 and 
pl. (3) Leeuwenhoek (1719), Epistolae physiologica super compluribus naturae arcanis, etc. 
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Delphis. (4) Leeuwenhoek (1792), Opera omnia seu Arcana Naturae, Leyden; also transla- 
tion by Hoole (1798-1800). (5) Plimmer (1913), the President’s address: ‘‘ Bedellus im- 
mortalis,” Journ. Roy. Microsc. Soc. pp. 121-135. (6) Nuttall (1917), Parasitology, x. 104, 
171 (gives citations). (7) Dobell (1920), The discovery of the intestinal Protozoa of man. 
Proc. Roy. Soc. Med. x11. 1-15. Biographical notes on Leeuwenhoek will be found in most 


of the dictionaries. 
Francesco Redi 
1626-1697. 
(Portrait-plate II, facing p. 96.) 


Repi was born 18 February, 1626, at Arezzo in Tuscany. He was of noble 
family. He took the degrees of M.D. and Ph.D. at Pisa and became chief 
physician to Grand Duke Ferdinand II and later to Cosimo III in Florence. 
A man of broad culture, he took a leading position in science and letters; his 
genius being universally recognised. A collection of sixty of his poems was 
published by Prince Ferdinand of Tuscany in 1702. During the last nine years 
of his life he suffered much from epilepsy, his death occurring suddenly in 
the night of February 28th to March Ist, 1697, when he was with the Court at 
Pisa. He was accorded a public funeral and was buried in the church of San 
Francesco at Arezzo where his nephew, the .bailiff Gregorio Redi, erected a 
handsome monument to him bearing the brief inscription: “Francesco Redi 
Patricio Aretino Gregorius Fratris Filius.” 

We cannot enter into Redi’s activities as a physician. It should be noted, 
however, that he was the first to experiment with snake venom, finding that 
the venom is innocuous when taken by the mouth, and most toxic when it 
enters the circulation. 

As a naturalist he was best known through his admirable researches upon 
the generation of insects and his observations on parasites. He (1668) ex- 
ploded the old and widespread belief in the spontaneous generation of maggots 
in meat by protecting meat from blowflies by means of gauze and thereby 
laid the foundation for the belief omne vivum ex vivo. Parasites had been also 
supposed to be spontaneously generated and therefore Redi next turned his 
attention to these and found that sexual generation was not confined to 
higher animals as commonly believed. He found intestinal worms in which 
the two sexes occurred, that they laid eggs and he described (1684), amongst 
others, the reproductive organs of Ascaris of man. His treatise deals with the 
helminthology of various animals, not merely with worms occurring in the 
gut but likewise with worms living in the kidneys of mammals, air sacs of 
birds and the natatory sac of fish. He studied the parasites of the lion, bear, 
seal, eagle, mole, etc. and extended his investigations to Invertebrata (Cepha- 
lopods and Crustacea). Redi is therefore one of the fathers of parasitology, he 
was the first to make consecutive observations on Entozoa of animals and his 
researches were the first to stimulate scientific men to devote their attention 
to parasitic worms. F. de Filippi (1837), when he discovered the larva of 
Fasciola hepatica in Planorbis nitidus named it Redia in honour of Redi, who 
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first described the liver fluke. In his work of 1668 he lists and figures Pediculi 
and Acari parasitic on birds and mammals. Guiart (1898, v. infra) has deter- 
mined many of the helminths studied by Redi and from the list he (G.) gives 
it is clear that in his pioneer treatise on parasitology Redi includes the prin- 
cipal types of each group. He also turned his attention to scabies in which 
Bonome and Cestoni of Livorno discovered Sarcoptes to be the cause. Redi re- 
commended red mercurial ointment for the treatment of scabies, the applica- 
tion to be continued for some days after apparent recovery. Guiart lists 58 
species of determinable Cestodes, Trematodes and Nematodes, 3 sp. of Acan- 
thocephali, several species of Acari (ticks, itch-mites, etc.) and Insects (Hypo- 
derma, Oestrus, Cephenomyia, and many species of Pediculidae) described and 
figured by Redi. 

His most important parasitological publication (1684) is entitled “Osser- 
vazioni intorno agli animali viventi, che si trovano negli animali viventi” 
Firenze. See also: (1687) “Osservazioni intorno a’ Pellicelli del corpo umano” 
Firenze, containing a letter by Giovancosimo Bonome to Redi, revised and 
added to by Redi prior to its publication; this deals with scabies. (1668) 
“‘Esperienze intorno alla Generazione degl’ Insetti” Firenze. 

An admirable biography of Redi by Guiart will be found in Arch. de 
Parasitologie, 1898, 1. 420-441, with portrait and figures of the portrait medal 
(1684), etc. There were four medals struck in Redi’s honour in 1677, 1684 and 
1685, whilst his portrait was executed by van Kaathoven. A portrait was 
hung in the City Hall of Arezzo in 1699. The Index Catalogue of the Surgeon 
General’s Library, Washington, Ist ser., x1. 1090, gives the following bio- 
graphical references: Gazz. Med. di Milano, 1847, v1. 213, 265; Gazz. Med. 
publ. Napoli, 1875, v1. 161-174. 


Carolus Linnaeus 
1707-1778. 
(Portrait-plate III, following IT.) 


LinnAEvs was born 23 May, 1707 (n.s.), at RAashult, Sweden, and died 10 
January, 1778, at Upsala, where he lies buried in the Cathedral. He studied 
at Lund and at Upsala, and in 1741 became professor of medicine at Upsala, 
but soon after changed over to the chair of botany. His interests became 
centred in botany at an early age. His famous Systema Naturae appeared in 
1735, the 10th edition of the Systema Naturae (Regnum Animale), which 
appeared in 1758, represents the foundation stone of modern zoological nomen- 
clature. As the consecutive editions of this work appeared, they contained 
lists of scientific names that grew in length. In his Oldndska och Gothléndska 
Resa (1745) the index shows the first employment of specific names, thus 
ushering in the binomial nomenclature which we use to-day. He systematised 
the three kingdoms of nature and even drew up a treatise on Genera Mor- 
borum. A great many parasitic helminths first appear under their scientific 
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names in Linnaeus’s edition of 1788. Apart from his having brought order 
out of chaos, Linnaeus evolved a method of giving terse descriptions which 
recorded the salient characters of animals and plants and greatly facilitated 
the differentiation of species. His lectures at Upsala attracted many students 
from different parts of the world. In 1753 he was created Knight of the Polar 
Star (figured in our portrait), this being the first time that a scientific man 
had been so honoured. He was raised to the nobility in 1761 and thereafter 
styled himself Baron Car] von Linné. 

Biographical notices of Linnaeus wili be found in most of the dictionaries 
and encyclopedias. For bibliography see Stiles and Hassall’s Index Catal. of 
Med. and Veter. Zool., Washington. 


Carl de Geer 
1720-1778. 
(Portrait-plate IV, follows III.) 


De GEER was born 1720 and died 8 March, 1778, at Stockholm, Sweden. Of 
Dutch extraction, he was destined for a political life, but he turned to science. 
Possessed of great wealth, he consecrated a part thereof to good works—by 
helping, in the public interest, to repair inundated mines that put many 
miners out of employment. He became Court Marshal to the King of Sweden 
and Commander of the Order of Vasa. He made extensive collections which he 
left to the Stockholm Academy of Sciences. 

His main work, Mém. pour servir a4 Vhist. des Insectes, in 8 vols., 4°, 
appeared in 1752-1778 in Stockholm. To parasitologists his name will be 
familiar in connection with Acari and parasitic insects of which he founded 
many species. 

A good biography will be found in Biographie universelle ancienne et 
moderne, rédigée par une société de gens des lettres, etc., Paris, 1816, vol. x11. 
p. 19. More details are obtainable in Svenska Vetenskapsakademiens Hand- 
linger 1779, which contains the memorial speech by Bergmann (in Swedish). 
These references were kindly given to me by Dr E. Nordenskiéld (Stockholm), 
who helped me to obiain the photograph we reproduce of de Geer’s portrait, 
which hangs in Stockholm Academy of Sciences. 


Karl Asmund Rudolphi 
1771-1832. 
(Portrait-plate V, facing p. 192.) 
Rupo.pui was born 14 July, 1771, at Stockholm, Sweden. In 1790 he went 
to Greifswald to pursue his studies in medicine and natural science. He took 
the degrees of Ph.D. (1793) and M.D. (1795) at Greifswald, both of his dis- 
sertations for these degrees relating to Entozoa. He became Privatdocent in 
the Philosophical (1793) and Medical (1795) Faculties at Greifswald, and 
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practised medicine for a brief period only. In 1808 he became full Professor 
of Medicine at Greifswald and in 1810 he went to Berlin as Professor of 
Anatomy and Physiology. He died in Berlin, 29 November, 1832. 

Rudolphi acquired a remarkably broad training in natural science. His 
publications related to Botany, Zoology, Anatomy, Pathology, Physiology, 
Mineralogy, Veterinary Science and Medicine. In Berlin he made extensive 
additions to the collections of comparative anatomy, ete. His helminthological 
collections are preserved at the Berlin Zoological Museum. He was a most 
distinguished teacher and a man of stimulating character. 

Rudolphi’s work in helminthology was of fundamental importance and 
stands out as his most valuable contribution to science. His chief publication, 
entitled Entozoarum historia naturalis (1808-1810) in 3 vols., has served for hel- 
minthology in a manner that may be compared to that of Linnaeus’s Systema 
Naturae in its bearing on systematic zoology. Rudolphi was the first to put hel- 
minthology upon a scientific basis. His Synopsis entozoorum appeared in 1819. 

For a full biography see Liihe (1900): “Karl Asmund Rudolphi der Vater 
der Helminthologie,” Arch. de Parasitologie, 11. 549-577, with portrait and 
facsimile of his writing. For a bibliography of Rudolphi’s helminthological 
papers see Stiles and Hassall’s Index. The portrait we reproduce is from a 
contemporary engraving. 


Johannes Miiller 
1801-1858. 
(Portrait-plate VI, follows V.) 


Born 14 July, 1801, at Coblenz, Johannes Miiller, the son of a shoemaker, 
died 28 April, 1858, in Berlin, as Professor, and was recognised throughout 
the world of science as one of the greatest of biologists. He studied theology 
at Bonn (1819) and afterwards medicine, winning a prize for his first 
essay entitled Respiration of the foetus (1823), after which he went to Berlin 
to pass his examination and there fell under the influence of Rudolphi. 
He became Privatdocent at Bonn (1824), and, on Rudolphi’s death, he went 
to Berlin (1833) as Director of the Anatomical School and Museum. He 
taught anatomy (human and comparative), pathology and physiology. Funda- 
mental were his researches on glands. With Purkinje, he was the first to 
apply the microscope to the study of animal tissues and, helped by his pupils, 
he laid the foundations of modern histology. Miiller was the first to recognise 
“connective tissue.” 

In the course of 25 years Miiller published no less than 200 papers. His 
contributions to parasitology relate to Hirudo vulgaris, Ixodes ophiophilus 
Miiller; he discovered the Myzosporidia and Entoconcha mirabilis, a remark- 
able parasitic snail occurring in the body-cavity of Synapia digitata, a Holo- 
thurian. 

For biography see Liihe (1902), Arch. de Parasitologie, v. 95-117; refer- 
ences to publications will be found in Stiles and Hassall’s Index. A bronze 
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statue of Johannes Miiller stands before the Stadthaus at Coblenz. The 
well-known portrait of Miiller which we reproduce was taken in 1857, a year 
before his death. The face shows extraordinary energy. 


Joseph Leidy 
1823-1891. 
(Portrait-plate VII, follows VI.) 


Lerpy was born 9 September, 1823, and died 30 April, 1891, at Philadelphia. 
He was of French-German extraction, his forefather Carl Leidy having 
migrated to Pennsylvania about 1704. At an early age Leidy showed an 
aptitude for drawing, a talent that he made use of in connection with his 
scientific work. After taking his M.D. at the University of Pennsylvania in 
1844, he practised medicine for two years. He then took up natural history 
and became Prosector and Curator of the Academy of Sciences of Philadelphia 
(1846) at the age of 23. When he was 30 he became Professor of Anatomy, 
subsequently he was Professor of Zoology and Comparative Anatomy. 

Of Leidy’s 550 papers, no less than 120 relate to helminths. His contribu- 
tions cover a wide field however, for they relate to mineralogy, botany, 
vertebrate and invertebrate comparative anatomy, and palaeontology. His 
papers on Protozoa and Helminths were important. He discovered Trichina 
spiralis in the pig (1846), and this led Leuckart to make the important sug- 
gestion that man might become infected by eating raw pork. In 1850-1856 he 
wrote on various helminths and his Synopsis of Entozoa appeared in 1856. In 
1871 he commented on flies as agents in the carriage of contagious disease, 
and from this time onwards he seems to have worked mainly on parasites and 
Rhizopods. He wrote on miscellaneous parasites, Gregarines, Cestodes, Tre- 
matodes, Nematodes, Hirudinea, parasitic Crustacea, Acari and Insecta. All 
who knew him remember him as possessed of a most attractive personality. 

For biography see H. B. Ward (1900), Arch. de Parasitologie, 111. 269-279, 
with portrait as an older man, facsimile signature and letter and a short list 
of his parasitological papers. A fuller bibliography will be found in Stiles and 
Hassall’s Index (1906, pp. 1050-1057) and in Leidy’s Researches in Helmintho- 
logy and Parasitology, published by Joseph Leidy jr. in 1904. Leidy left much 
work on helminths and gregarines unpublished. I am indebted to his sons 
for the excellent portrait herein reproduced. 


Edward Jenner 
1749-1823. 
(Portrait-plate VIII, facing p. 404.) 


THE discoverer of vaccination, EpwarpD JENNER was born on 17 May, 1749, 
and died on 26 January, 1823, at Berkeley, Gloucestershire, where he lies buried 
in the Parish Church. The son of a clergyman, he took an interest in natural 
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history from childhood. In 1770 he became a resident pupil for two years in 
the house of John Hunter who greatly influenced him. He studied at St 
George’s Hospital and began to practise medicine in 1773 at Berkeley. He 
published some papers on natural history, became F.R.S. in 1788 and M.D. 
(St Andrew’s) in 1792. 

Owing to a local belief, known to him from childhood, that dairy-maids 
escape smallpox, he sought to test the belief by experiment. On 14 May, 1796, 
he vaccinated a boy of eight with cowpox, produced cowpox, and on | July 
he inoculated the boy with smallpox with negative result. In June, 1798, he 
published his first account of his observations and conclusions: An Inquiry 
into the Cause and Effect of Variolae Vaccinae, etc. In 1802 he received a 
grant of £10,000 and in 1806 one of £20,000 for his discovery. Oxford con- 
ferred the degree of M.D. (hon. causa) upon him in 1813. Dibdin, in his 
Reminiscences, says: ““I never knew a man of a simpler mind or of a warmer 
heart than Dr Jenner.” 

For biography see John Baron (1838), Life of Edward Jenner, 2 vols., also 
Dict. National Biogr. xx1x. 321-324. Portraits: (1) by Sir Thos. Lawrence, 
(2) by James Northcote, R.A. (in the National Portrait Gallery), (3) marble 
statue in Gloucester Cathedral, (4) bronze statue in Kensington Gardens, etc. 


Richard Owen 
1804-1892. 
(Portrait-plate [X.) 


RicHarRD Owen, distinguished as a biologist, comparative anatomist and 
palaeontologist, was born 20 July, 1804, at Lancaster, and died at Sheen Lodge, 
Richmond Park, on 18 December, 1892; he lies buried at Ham in Surrey. 
He studied medicine at Edinburgh and St Bartholomew’s, and became Curator 
of the Museum of the Royal College of Surgeons, London. In 1834-1835 he was 
Professor of Comparative Anatomy, lecturing at St Bartholomew’s and at the 
Royal College of Surgeons. In 1856 he became Superintendent of the Natural 
History Department of the British Museum, but continued teaching. A 
Fellow of the Royal Society, he was created K.C.B. in 1884. 

He published about 400 contributions to science, these concerning “almost 
every class of animal from sponge to man”; his essay on Parthenogenesis 
(1849) represented pioneer work. His parasitological papers (see Stiles and 
Hassall’s Index of Vet. and Med. Zool., 1908, pp. 1620-1623) deal with T'richina 
spiralis, which he named in 1835, Linguatula, Distoma, Taenia, Gnathostoma, 
etc. 

For his biography see Rev. Richard Owen (1894), The Life of Richard Owen 
by his grandson...including an essay by Huxley, London, 8°, 409 pp., figs. and 
pls. Of his many portraits we reproduce the upper part of that by H. G. Pickers- 
gill, R.A., which was presented in 1893 by Owen’s daughter-in-law to the 
National Portrait Gallery in accordance with his wish. 
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Athanasius Kircher 
1601-1680. 
(Portrait-plate X.) 


A ciassicaL scholar, Egyptologist, astrologist, mathematician and natural 
philosopher, ArHanasius Kircner was born at Geisa, near Fulda, on 2 May, 
1601. He died as a teacher of mathematics in Rome on 30 October, 1680. 
He was a Jesuit, and held a professorship at Wiirzburg (1631), where he 
published his Ars Magnesia dealing with “ Magnetismus.” Ultimately through 
the influence of Cardinal Berberini, he went as a teacher to the Collegium 
Romanum, Rome, where he founded the collection known to this day as the 
“Museum Kircherianum.” 

Biologists will associate his name with the “experimentum mirabile,” i.e. 
the hypnotisation of the fowl, which he illustrates in his Physiol. Kircheriana 
(1680), the fowl lying prone with its outstretched head on a line drawn on 
flagstones. Moreover, his writings had great influence in establishing the 
doctrine of “contagium animatum.” In his Scrutinum Physico-Medicum 
contagiosae luis quae dicitur Pestis, etc. (Lipsiae, 1671), whose Introduction is 
dated 22 February, 1658, by Kircher, he states (p. 25) that he found countless 
numbers of minute worms in putrefying substances. Upon this he based 
various conclusions regarding the etiology of the plague which raged in Italy 
in 1656, for, with his simple microscope, he reported having discovered un- 
countable numbers of minute worms in the blood and bubo-pus of plague 
patients. No doubt Kircher merely saw the blood corpuscles and leucocytes 
or pus cells and called these “worms,” but his teaching carried great weight 
and doubtless gave rise to the view subsequently expressed by Robert Boyle 
(vide infra). Our portrait is taken from Kircher’s Mundus Subterraneus (1665). 
Further particulars regarding his publications and biography will be found in 
the Index Catalogue of the Surgeon-General’s Library, Washington. 


Robert Boyle 
1627-1691. 


(Portrait-plate XI.) 


NatuRAL philosopher, chemist, and versatile genius, the Hon. RoBERT 
Boy Le was born at Lismore Castle, Waterford, on 25 January, 1627, as the 
seventh son and fourteenth child of the first Earl of Cork. He died 30 Decem- 
ber, 1691. in London, where he lies buried in St Martin’s-in-the-Fields. Refer- 
ences to his contributions to science, etc., will be found in the Dictionary of 
National Biography, v1. 118-123. His complete works, with his correspondence 
and a Life by Dr Birch were published (1744) in 5 vols. He took a leading 
part in founding the Royal Society. 

To biologists he will be remembered for his fundamental discoveries on the 
physiology of respiration, but in addition he wrote with prophetic insight 
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regarding the causation of infective diseases. In his essay on the Patho- 
logical Part of Physic he wrote “and let me add that he that thoroughly 
understands the nature of ferments and fermentation shall probably be much 
better able than he that ignores them to give a fair account of diverse 
phenomena of several diseases (as well as fevers and others) which will 
perhaps be never properly understood without an insight into the doctrine of 
fermentation.” In these words, written some 240 years ago, we trace the 
beginnings of what became the “germ theory” of disease. 

Our portrait is taken from the painting by Frederic Kerseboom in the 
collection of the Royal Society, London. 
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